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ABSTRACT
T h e  s y n t h e s e s  o f  c o r o n a n d s  a n d  c r y p t a n d s  c o n t a i n i n g  
t h e  2 , 6 - p y r i d i n o  a n d  1 , 8 - n a p h t h y r i d i n o  s u b u n i t s  h a v e  b e e n  
a c c o m p l i s h e d .  T h e s e  m a c r o c y c l e s  may c o n t a i n  o n l y  n i t r o g e n  
h e t e r o a t o m s  w h i l e  o t h e r s  c o n t a i n  b o t h  n i t r o g e n  a n d  o x y g e n  
h e t e r o a t o m s .  T r a n s i t i o n  m e t a l  c o m p l e x e s  h a v e  b e e n  f o r m e d  
o n l y  w i t h  t h e  m a c r o c y c l e s  w h i c h  c o n t a i n  s t r i c t l y  n i t r o g e n  
h e t e r o a t o m s ;  no  c o m p l e x e s  h a v e  b e e n  f o u n d  f o r  t h e  m a c r o ­
c y c l e s  w h i c h  c o n t a i n  o x y g e n  a n d  n i t r o g e n  a t o m s .  A d i -  
p r o t o n a t e d  c o b a l t ( I I )  t e t r a c h l o r i d e  s a l t  was  f o r m e d  f r o m  
t h e  d i m e r i c  m a c r o c y c l e  w h i c h  r e s u l t s  f r o m  t h e  r e a c t i o n  o f  
2 , 6 - d i c h l o r o p y r i d i n e  w i t h  N , N - b i s - 2 - h y d r o x y e t h y l p i p e r a z i n e . 
S e v e r a l  a n a l o g o u s  s y s t e m s  h a v e  a l s o  b e e n  s y n t h e s i z e d .
A h e x a a z a - 1 8 - c r o w n - 6  a n a l o g u e  h a s  a l s o  b e e n  
s y n t h e s i z e d  b y  t h e  t r e a t m e n t  o f  2 , 6 - b i s ( c h l o r o m e t h y l ) -  
p y r i d i n e  w i t h  N / N ' - d i m e t h y l e t h y l e n e d i a m i n e .  T h i s  co m p o u n d  
w a s  f o u n d  t o  f o r m  o c t a h e d r a l  c o m p l e x e s  w i t h  e i t h e r  
c o b a l t ( I I )  o r  c o p p e r ( I I )  c h l o r i d e , w h e r e i n  a l l  o f  t h e  
c o o r d i n a t i o n  s i t e s  o f  t h e  m e t a l  i o n  a r e  o c c u p i e d  b y  a 
l i g a t i n g  a t o m  o f  t h e  m a c r o c y c l e .  I n  a d d i t i o n  s e v e r a l  o t h e r  
c o m p o u n d s  o f  t h i s  t y p e  h a v e  b e e n  s y n t h e s i z e d  a n d  t h e i r  
c o i n p l e x a t i o n  p r o p e r t i e s  s t u d i e d .
A f e w  c r y p t a n d s  h a v e  b e e n  r e p o r t e d ,  a c c o m p a n i e d  by  
d a t a  o n  t h e i r  c o i n p l e x a t i o n  p r o p e r t i e s .  Two m a i n  r e a c t i o n
xv ii
p a t h w a y s  w e r e  u t i l i z e d  t o  a c q u i r e  t h e  d e s i r e d  m a c r o c y c l e s :
1) a  o n e - p o t  n u c l e o p h i l i c  s u b s t i t u t i o n  r e a c t i o n  w h e r e  s i x  
b o n d s  a r e  f o r m e d  i n  o n e  r e a c t i o n ,  a n d  2)  a  q u a t e r n i z a t i o n -  
d e m e t h y l a t i o n  s e q u e n c e  w h e r e  i n  a  s t e p w i s e  m a n n e r  t h e  
b r i d g e s  a r e  i n t r o d u c e d  i n t o  t h e  m a c r o c y c l i c  f r a m e w o r k .  The  
d e m e t h y l a t i o n s  w e r e  a c c o m p l i s h e d  b y  t h e  u s e  o f  L - S e l e c t -  
r i d e ®  w h i c h  q u a n t i t a t i v e  a n d  s e l e c t i v e l y  r e m o v e s  m e t h y l  
g r o u p s  f r o m  a  q u a t e r n a r y  ammonium s a l t .
Some o f  t h e  c r y p t a n d s  s y n t h e s i z e d  h a v e  e x h i b i t e d  
u n u s u a l  s t r u c t u r a l  p r o p e r t i e s  a n d  t h e  e f f e c t  o f  t h e s e  
s t r u c t u r a l  p r o p e r t i e s  o n  t h e s e  m a c r o c y c l e s  c o m p l e x a t i o n  
p r o p e r t i e s  h a v e  b e e n  s t u d i e d .  • T h e i r  s p e c t r a l  a n d  p h y s i c a l  
p r o p e r t i e s  h a v e  a l s o  b e e n  r e p o r t e d .
I .  I n t r o d u c t i o n
Man i s  l i m i t e d  o n l y  b y  h i s  i m a g i n a t i o n .  F i f t y  y e a r s  
a g o  i t  was  d i f f i c u l t  t o  i m a g i n e  a  w o r l d  s u c h  a s  we l i v e  i n  
t o d a y .  The  t h i n g s  t h a t  a r e  now a c c e p t e d  a s  c o m m o n p l a c e ,  
i . e . ,  s i l i c o n  c h i p s ,  c o m p u t e r s ,  s p a c e  s h u t t l e s ,  h e a r t  
t r a n s p l a n t s ,  t e l e v i s i o n ,  n u c l e a r  r e a c t o r s ,  m o n o c l o n a l  
a n t i b o d i e s  a n d  s u c h  m o v i e s  a s  " S t a r  W a r s "  a n d  "The  E m p i r e  
S t r i k e s  B a c k " ,  w h i c h  b r i n g  t o  l i f e  s t r a n g e  a n d  w o n d e r f u l  
new w o r l d s ,  w e r e  o n c e  t h e  m a t e r i a l  o f  d r e a m s .  I n  l i g h t  o f  
t h e s e  m a r v e l s ,  i t  i s  n o t  t o o  d i f f i c u l t  t o  i m a g i n e  t h e  
s y n t h e s i s  o f  m o l e c u l e s  w h i c h  m i g h t :  s e l e c t i v e l y  r e m o v e
p r e c i o u s  m e t a l s  s u c h  a s  g o l d  f r o m  s e a  w a t e r ;  p u r i f y  m e t a l s  
w h i c h  a r e  a t  p r e s e n t  e x t r e m e l y  d i f f i c u l t  t o  o b t a i n  i n  p u r e  
f o r m ;  m i m i c  b i o l o g i c a l  s u b s t a n c e s  ( i . e . ,  p r o t e i n s  o r  
a n t i b i o t i c s ) ;  d e t o x i f y  o r g a n i s m s  p o i s o n e d  by  h e a v y  m e t a l s ;  
c a t a l y z e  r e a c t i o n s  w h i c h  o r d i n a r i l y  d o  n o t  o c c u r ;  o r  
s t a b i l i z e  o x i d a t i o n  s t a t e s  w h i c h  a r e  u s u a l l y  u n s t a b l e .  The  
h e t e r o m a c r o c y c l e s  a n d  h e t e r o m a c r o p o l y c y c l e s  a p p e a r  t o  be 
t h e  a n s w e r  t o  t h e s e  f l i g h t s  o f  f a n c y .
T h e  c u r r e n t  i n t e r e s t  i n  h e t e r o m a c r o c y c l e s  a n d  
c r y p t a n d s  s t e m s  p r i m a r i l y  f r o m  a  d e s i r e  t o  d e s i g n  l i g a n d s  
w h i c h  s e l e c t i v e l y  c o m p l e x  c a t i o n s .  A n u m b e r  o f  f a c t o r s  
i n f l u e n c e  c a t i o n  s e l e c t i v i t y .  W i t h  r e g a r d  t o  t h e  l i g a n d ,  
t h e r e  a r e  s e v e r a l  s t r u c t u r a l  c o n s i d e r a t i o n s :  t h e  c a v i t y
s i z e #  t h e  n a t u r e  a n d  n u m b e r  o f  c o o r d i n a t i o n  s i t e s ,  t h e  
l i g a n d  t h i c k n e s s ,  t h e  l i p o p h i l i c i t y , a n d  t h e  l i g a n d  
c o n f o r m a t i o n  a n d  f l e x i b i l i t y .  O t h e r  f a c t o r s  w h i c h  
i n f l u e n c e  c a t i o n  s e l e c t i v i t y  a n d  c o m p l e x  s t a b i l i t y  i n c l u d e  
t h e  r e a c t i o n  e n v i r o n m e n t  ( i . e . ,  s o l v e n t  p o l a r i t y  a n d  
t e m p e r a t u r e )  a n d  t h e  c o u n t e r i o n .  U s u a l l y ,  a  c h a n g e  f r o m  a  
p o l a r  s o l v e n t  t o  a  l e s s  p o l a r  o n e  r e s u l t s  i n  t h e  f o r m a t i o n  
o f  m o r e  s t a b l e  c o m p l e x e s ;  i n  m o s t  c a s e s ,  t h e  s e q u e n c e s  o f  
r e l a t i v e  s e l e c t i v i t y  d o  n o t  c h a n g e . f a r  a s  t h e  
c o u n t e r i o n  i s  c o n c e r n e d ,  n u c l e o p h i l i c i t y  a n d  s t e r i c  b u l k  
m u s t  b e  c o n s i d e r e d .  O nce  t h e s e  f a c t o r s  a r e  w e i g h e d  a l o n g  
w i t h  t h e  c h a r g e  d e n s i t y  o f  t h e  m e t a l  i o n ,  i t  i s  p o s s i b l e  t o  
p r e d i c t  w h e t h e r  a  p a r t i c u l a r  c o m p l e x  w i l l  f o r m  a n d ,  i f  s o ,  
t h e  p r e f e r r e d  s t o i c h i o m e t r y  o f  t h e  r e s u l t i n g  c o m p l e x .  The 
e f f e c t s  o f  t h e s e  f a c t o r s  on  c o m p l e x a t i o n  p r o p e r t i e s  w i l l  be 
r e a l i z e d  a s  t h e  s y n t h e s i s  o f  t h e  m a c r o p o l y c y c l i c  m e s o -  
m o l e c u l e s  a r e  d i s c u s s e d  i n  t e r m s  o f  t h e i r  t y p e  o f  
s t r u c t u r e .
A n u m b e r  o f  m a c r o p o l y c y c l i c  s t r u c t u r e s  may be  e n v i s ­
i o n e d ,  d e p e n d i n g  o n  t h e  n a t u r e  o f  t h e  s u b u n i t s  a n d  o n  t h e  
n u m b e r  o f  c o n n e c t i n g  b r i d g e s  e m p l o y e d  f o r  t h e i r  c o n s t r u c ­
t i o n .  T h e s e  i n c l u d e :  t h e  c o n n e c t i o n  o f  tw o  c h e l a t e
s u b u n i t s  l e a d i n g  t o  a  c o r o n a n d ;  t h e  c o a x i a l  p o s i t i o n i n g  o f  
tw o  t r i p o d a l  u n i t s  r e s u l t i n g  i n  t h e  a x i a l  m a c r o b i c y c l i c  
( b i s - t r i p o d a l ) s y s t e m s ;  a n d  t h e  b r i d g i n g  o f  a  c o r o n a n d  by
Bis-chelate Bis-tripodal
(axial)
Lateral Cylindrical
tricycle
Spheroidal tricycleCylindrical tetracycle
a  c h e l a t i n g  s u b u n i t  t o  a f f o r d  a  l a t e r a l  m a c r o b i c y c l i c  
c r y p t a n d .  The  f a c e - t o - f a c e  b r i d g i n g  o f  tw o  m a c r o c y c l i c  
u n i t s  b y  tw o  c h e l a t i n g  s u b u n i t s  r e s u l t s  i n  t h e  f o r m a t i o n  o f  
a  c y l i n d r i c a l  t r i c y c l i c  c r y p t a n d ;  a n d  t h e  f a c e - t o - f a c e  
b r i d g i n g  o f  tw o  c o r o n a n d s  b y  t h r e e  c h e l a t i n g  s u b u n i t s  
r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  a  c y l i n d r i c a l  t e t r a c y c l i c  
c r y p t a n d .  F i n a l l y ,  t h e r e  e x i s t s  t h e  s p h e r o i d a l  m a c r o ­
t r i c y c l i c  s y s t e m s  w h i c h  r e s u l t  when a  m a c r o c y c l e  i s  b r i d g e d  
a c r o s s  t h e  t o p  a n d  b o t t o m  by c h e l a t i n g  s u b u n i t s .  The  
d i v e r s e  a r c h i t e c t u r e  t h a t  c h a r c t e r i z e s  t h e s e  s y s t e m s  o f f e r s  
t h e  o p p o r t u n i t y  f o r  s i g n i f i c a n t  c o n t r o l  o v e r  t h e  c o m p l e x i n g  
a b i l i t i e s  o f  t h e s e  m e s o m o l e c u l e s .
I I .  C o r o n a n d s  C o n t a i n i n g  N i t r o g e n  H e t e r o a t o m s
M y r i a d  p o l y d e n t a t e  a z a  m a c r o c y c l e s  h a v e  b e e n  
r e p o r t e d 4 . The  e x t e n t  o f  t h e  s u b j e c t  f o r c e s  l i m i t a t i o n  
o f  t h i s  d i s c u s s i o n  t o  o n l y  m a c r o c y c l e s  c o n t a i n i n g  a  
p y r i d i n o ,  d i p y r i d i n o ,  o r  p h e n a n t h r o l i n o  s u b u n i t .  M o s t  o f  
t h e s e  c o r o n a n d s  h a v e  b e e n  s y n t h e s i z e d  b y  a  S c h i f f  b a s e  
c o n d e n s a t i o n  o f  a n  a l d e h y d e  o r  k e t o n e  w i t h  a  b i s - p r i m a r y  
a m i n e  i n  t h e  p r e s e n c e  o f  a  m e t a l  i o n .  The  m e t a l  i o n  a c t s  
a s  a  t e m p l a t e ,  r e s u l t i n g  i n  d r a m a t i c  i n c r e a s e s  i n  y i e l d  o f  
t h e  d e s i r e d  c y c l i c  p r o d u c t  o v e r  l i n e a r  p o l y m e r i z a t i o n  
p r o d u c t s . 5 - 9  L i n d o y  a n d  B u s c h ^  h a v e  d e s c r i b e d  
t h i s  e f f e c t  i n  t w o  w a y s ,  k i n e t i c  a n d  t h e r m o d y n a m i c .  I f  t h e  
m e t a l  i o n  c o n t r o l s  t h e  s t e r i c  c o u r s e  o f  a  s e r i e s  o f  s t e p ­
w i s e  r e a c t i o n s ,  t h e  t e m p l a t e  e f f e c t  i s  c o n s i d e r e d  t o  be 
k i n e t i c .  I f  t h e  m e t a l  i o n  i n f l u e n c e s  a n  e q u i l i b r i u m  i n  a n  
o r g a n i c  r e a c t i o n  s e q u e n c e  b y  c o o r d i n a t i o n  w i t h  o n e  o f  t h e  
r e a c t a n t s ,  t h e  t e m p l a t e  e f f e c t  i s  t e r m e d  t h e r m o d y n a m i c .  I t  
i s  t h e  k i n e t i c  e f f e c t  t h a t  i s  b e l i e v e d  t o  be  o p e r a t i v e  i n  
m o s t  m e t a l  i o n - a s s i s t e d  ( i r i  s i t u ) s y n t h e s e s  o f  m a c r o c y c l e s ,  
a l t h o u g h ,  i t  i s  d i f f i c u l t  t o  a s c e r t a i n  w h i c h  o f  t h e  tw o  
e f f e c t s  i s  d o m i n a t e  i n  a  s p e c i f i c  s y n t h e s i s .
As  i n  m o s t  s y n t h e t i c  s c h e m e s ,  t h e r e  a r e  a d v a n t a g e s  a n d  
d i s a d v a n t a g e s  t o  t h e s e  J j i  s i t u  m a c r o c y c l i c  s y n t h e s e s .  The  
a d v a n t a g e s  i n c l u d e  i n c r e a s e d  y i e l d s  b y  v i r t u e  o f  t h e
e l i m i n a t i o n  o r  r e d u c t i o n  o f  s i d e  r e a c t i o n s  a n d  m a c r o c y c l i c  
p r o d u c t  c o n t r o l  b y  s t e r i c  i n f l u e n c e  o f  t h e  m e t a l  i o n .  The  
d i s a d v a n t a g e s  i n c l u d e  t h e  f a c t  t h a t  t h e  s t e r i c  r e q u i r e m e n t s  
o f  t h e  m e t a l  i o n  may p r e c l u d e  f o r m a t i o n  o f  t h e  d e s i r e d  
m a c r o c y c l i c  p r o d u c t  a n d  t h e  o c c a s i o n a l  i n a b i l i t y  t o  r e m o v e  
t h e  m e t a l  i o n  f r o m  t h e  r e s u l t i n g  c o m p l e x  d u e  t o  t h e  
i n h e r e n t  i n s t a b l i t y  o f  t h e  f r e e  l i g a n d .
Some o f  t h e  i m p o r t a n t  f a c t o r s  i n f l u e n c i n g  t h e s e  
r e a c t i o n s  a r e :  p o l a r i z a t i o n  e f f e c t s ,  k i n e t i c  l i a b i l i t y ,  
t h e r m o d y n a m i c  s t a b i l i t y ,  a n d  s t e r e o c h e m i s t r y  o f  b o t h  t h e  
m e t a l  a t o m ( s )  a n d  t h e  r e a c t a n t s .  I n  g e n e r a l ,  t h e s e  s y n ­
t h e s e s  a r e  m o re  m e t a l  i o n  s p e c i f i c  t h a n  a r e  c o m p l e x a t i o n s  
o f  t h e  m e t a l  i o n  w i t h  a  p r e f o r m e d  m a c r o c y c l i c  l i g a n d . 10
A. C o r o n a n d s  D e r i v e d  F ro m  t h e  S c h i f f ' s  B a s e  C o n d e n s a t i o n  
o f  P o l y a m i n e s  w i t h  2 , 6 - D i a c e t y l -  o r  2 , 6 - D i f o r m y l -  
p y r i d i n e
T h e  I n  s i t u  s y n t h e s i s  o f  m a c r o c y c l i c  l i g a n d s  by  
c o n d e n s a t i o n  o f  2 , 6 - d i a c e t y l p y r i d i n e  w i t h  p o l y a m i n e s  i n  t h e  
p r e s e n c e  o f  m e t a l  i o n s  r e p r e s e n t s  o n e  o f  t h e  e a r l y  
d e m o n s t r a t i o n s  o f  t h e  " t e m p l a t e  e f f e c t " .  C u r r y  a n d  B u s c h  
r e p o r t e d  t h e  f i r s t  p e n t a -  a n d  h e x a - d e n t a t e  m a c r o c y c l e  (J_ 
a n d  2 ) , 11 b o t h  o f  w h i c h  a r e  c y c l i z e d  i n  t h e  p r e s e n c e  o f  
i r o n ( I I )  c h l o r i d e  t e t r a h y d r a t e .  The t w o  l i g a n d s  w e r e
i s o l a t e d  a s  h i g h l y  c r y s t a l l i n e ,  s p i n - p a i r e d ,  i r o n ( l l l )  
c o m p l e x e s ,  a n d  w e r e  c h a r a c t e r i z e d  by  m a g n e t i c ,  c o n d u c t i v e ,  
a n d  s p e c t r a l  m e a s u r e m e n t s , ^  B e c a u s e  t h e s e  com­
p l e x e s  c a n n o t  be  p r o t o n a t e d ,  i t  i s  b e l i e v e d  t h a t  a l l  o f  t h e  
n i t r o g e n  a t o m s  i n  t h e  l i g a n d  a r e  c o o r d i n a t e d  t o  t h e  m e t a l  
a t o m .  13 o t h e r  m e t a l s  f o r  w h i c h  c o m p l e x e s  o f  l i g a n d
h a v e  b e e n  i s o l a t e d  a r e :  i r o n ( I I ) , ^ “ 18 i r o n ( m ) f 14
1 7 - 1 9  i m ( T Ti 1 7 , 1 8 , 2 0  m a r n i l ^ ( T T ,  1 7 , 2 0z i n c ( I I ) r  c a d m i u m ( I I ) ,  ' m e r c u r y ( I I ) ,
m a g n e s i u m  ( I I ) ,  ^  m a n g a n e s e ( I I ) , ^  n i c k e l  ( I I ) ,  ^  a n d
23l e a d ( I I )  . T h e  r e d u c t i o n  o f  b i s - a m i n e  h a s  b e e n  r e p o r t e d  
t o  a f f o r d  l i g a n d  _3. I n  a d d i t i o n ,  t h e  t r a n s i t i o n  m e t a l  com­
p l e x e s  o f  i r o n ( I I I ) ,  c o b a l t ( I I I ) ,  n i c k e l ( I I ) ,  a n d  
c o p p e r ( I I )  w i t h  l i g a n d  3^  h a v e  b e e n  p r e p a r e d  a n d  c h a r a c t e r ­
i z e d .  24
C o m p l e x e s  o f  _4 h a v e  a l s o  b e e n  f o r m e d  b y  t h e  r e a c t i o n  
o f  2 , 6 - d i a c e t y l p y r i d i n e  a n d  N , N - b i s ( 3 - a m i n o p r o p y l ) a m i n e  i n  
t h e  p r e s e n c e  o f  n i c k e l ( I I )  a n d  c o p p e r ( I I )  c h l o r i d e .
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O t h e r  m e t a l s  t h a t  h a v e  b e e n  u s e d  i n c l u d e :  i r o n ( I I ) ,  '
c o p p e r ( I I ) , 2 8 , 2 9  n i c k e l , 2 9 , 3 0  c o b a l t ( I I ) , 31 
c o b a l t ( I I I ) , 3 2 “ 3 ^ m a n g a n e s e ( I I ) , 38  z i n c ( I I ) , 38  a n d  
r u t h e n i u m ( I I ) 3 9 . K a r n  a n d  B u s c h ^ O  h a v e  r e p o r t e d  t h e
c a t a l y t i c  h y d r o g e n a t i o n  o f  t h e  n i c k e l ( I I )  p e r c h l o r a t e  com­
p l e x  o f  _4 t o  a f f o r d  tw o  n i c k e l ( I I )  c o m p l e x e s  o f  5 *. a  
y e l l o w  m i n o r  c o m p o n e n t  a n d  a  r e d  m a j o r  c o m p o n e n t  w h i c h  p r e ­
l i m i n a r y  s t u d i e s  i n d i c a t e  t o  be t h e  m e s o  f o r m  (6.)* The  
i s o m e r i c  l i g a n d s  c a n  be  d i s p l a c e d  f r o m  t h e  r e s p e c t i v e  r e ­
d u c e d  c o m p l e x e s  b y  c y a n i d e  i o n .  L i g a n d  f> h a s  a l s o  b e e n  
i s o l a t e d  a n d  c h a r a c t e r i z e d  a s  t h e  c o p p e r ( I I )  c o m p l e x . ^ , 4 2  
T r e a t m e n t  o f  o t h e r  a m i n e s  w i t h  2 , 6 - d i a c e t y l p y r i d i n e  i n  
t h e  p r e s e n c e  o f  n i c k e l ( I I ) ,  c o p p e r ( I I ) ,  o r  c o b a l t ( I I )  s a l t s  
h a s  g e n e r a t e d  a  w i d e  v a r i e t y  o f  new m a c r o c y c l i c  c o m p l e x e s  
( 7 - 1 1 )  . I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  _9 f o r m s  c o m p l e x e s  
w i t h  n i c k e l ( I I )  a n d  c o p p e r ( I I )  b u t  n o t  w i t h  c o b a l t ( I I ) ;  n o  
e x p l a n a t i o n  f o r  t h i s  o b s e r v a t i o n  h a s  b e e n  f o r w a r d e d . ^ 3
S t u d i e s  b y  S t o t t e r  i n d i c a t e  t h a t :  ( 1 )  t h e  t e m p l a t e
f o r m a t i o n  o f  m a c r o c y c l i c  c o m p l e x e s  o f  V2 r e q u i r e s  a  m in im um
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r i n g  s i z e  o f  x = y = 3 ;  ( 2 )  i t  d e p e n d s  u p o n  s t r o n g  c o m p l e x a t i o n  
o f  t h e  m e t a l  a t  t h e  pH o f  t h e  r e a c t i o n  b y  t h e  t r i a m i n e  
r e a c t a n t ,  s u c h  t h a t  t h e  s o l u b i l i t y  p r o d u c t  o f  t h e  m e t a l  
h y d r o x i d e  i s  n e v e r  e x c e e d e d ;  a n d  (3 )  i t  p r o c e e d s  t h r o u g h  a  
t e r n a r y  i n t e r m e d i a t e  c o m p l e x .  I f  x=3  a n d  y = 4 ,  t h e  y i e l d s  
a r e  l o w e r  a n d  t h e  c o m p l e x e s  a r e  l e s s  s t a b l e  d u e  t o  t h e  
p r e s e n c e  o f  a  s e v e n - m e m b e r e d  c h e l a t e  r i n g  i n  t h e  c o m p l e x .
I n  c o n t r a s t  w hen  c o m p l e x e s  c o n t a i n i n g  f i v e -  o r  s i x - m e m b e r e d  
c h e l a t e  r i n g s  a r e  f o r m e d  t h e  y i e l d s  a r e  u s u a l l y  much
h i g h e r ,  a  r e s u l t  o f  t h e  g r e a t e r  s t a b l i t y  o f  s u c h  s y s t e m s .  
S i n c e  no  r e a c t i o n  o c c u r s  w hen  t h e  m e t a l  i o n  i s  p r e s e n t  a s  a  
s u s p e n s i o n  o f  i t s  h y d r o x i d e  ( a n d  t h u s  i s  n o t  c o o r d i n a t e d  b y  
t h e  t r i a m i n e )  i t  i s  b e l i e v e d  t h a t  t h e  r e a c t i o n  b e t w e e n  t h e  
t r i a m i n e  a n d  2 , 6 - d i a c e t y l p y r i d i n e  i s  a  t r u e  t e m p l a t e  
r e a c t i o n  i n  w h i c h  b o t h  r e a c t a n t s  a r e  c o o r d i n a t e d  t o  t h e  
m e t a l  i o n . 44
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C o m p l e x e s  o f  m a c r o c y c l e s  13 4 ^ a n d  JU  h a v e  b e e n
p r e p a r e d  j ln  s i t u  f r o m  2 , 6 - d i a c e t y l p y r i d i n e  a n d  t h e
n e c e s s a r y  d i a m i n e .  T r a n s i t i o n  m e t a l  c o m p l e x e s  o f  J_3 w i t h
i r o n ( I I ) , 1 5 , 1 6 / 1 8 , 4 5 , 4 6  i r o n ( I I I ) , 1 8 m a g n e s i u i r t ( I I ) , 2 1
c a d m i u m ( I I ) , 1 8 , 2 0 , 4 7  m e r c u r y ( I I ) , 2 0 , 4 8  s i l v e r ( I ) , 47
m a n g a n e s e ( I I ) , 1 7 , 1 8 , 8 8 , 4 6  m a n g a n e s e ( 1 1 1 ) , 88 n i c k e l ( I I ) , 22
a n d  z i n c ( I I ) 1 8 , 8 8 , 4 6  h a v e  b e e n  i s o l a t e d  a n d  c h a r a c t e r i z e d .
1 8T h e  i s o l a t e d  c o m p l e x e s  o f  V4 i n c l u d e  t h o s e  o f  i r o n ( I I ) ,  
i r o n  ( I I I ) , 18 s i l v e r ( I ) , 4 7 , 4 8  m a n g a n e s e ( I I ) , 1 7 , 1 8 , 8 8  
m a n g a n e s e ( I I I ) , 88  z i n c ( I I ) , 1 8 ’ 88  c a d m i u m ( I I ) , 1 8 , 2 0 , 4 7  
m e r c u r y ( I I ) , 2 0 , 4 7  n i c k e l ( I I ) r 22  l e a d ( I I ) , 2 8 , 4 8  m a g n e s i u m ,  
c a l c i u m ,  s t r o n t i u m ,  a n d  b a r i u m ^ O .  C o m p l e x e s  o f  l i g a n d s  
1_ a n d  13 p o s s e s s  s t r u c t u r e s  t h a t  a r e  a p p r o x i m a t e l y
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p e n t a g o n a l  b i p y r a m i d a l  w i t h  t h e  m a c r o c y c l e  d e f i n i n g  t h e  
e q u a t o r i a l  p l a n e  a n d  t h e  a x i a l  p o s i t i o n s  b e i n g  o c c u p i e d  by  
a  u n i d e n t a t e  a n i o n  o r  w a t e r .  The  c o m p l e x e s  o f  1_4 a r e  
s o m e w h a t  d i f f e r e n t ,  i n  t h a t  t h e  f i v e  d o n o r  n i t r o g e n  a t o m s  
d o  n o t  l i e  i n  o n e  p l a n e :  t h e r e  i s  a  d i s t o r t i o n  w h i c h
c a u s e s  o n e  f a c e  o f  t h e  m a c r o c y c l e  t o  be m o re  s t e r i c a l l y  
c r o w d e d  t h a n  t h e  o t h e r . ^ ® ' ^ 0 , 2 2  Th e  c o o r d i n a t i o n  
n u m b e r  r a n g e s  f r o m  f i v e  t o  s e v e n  d e p e n d i n g  on  t h e  o c c u p a n c y  
o f  t h e  tw o  a x i a l  p o s i t i o n s .
T h e  n i c k e l ( I I )  c o m p l e x  o f  l i g a n d  JM c a n n o t  be p r e p a r e d  
d i r e c t l y  v i a  t h e  t e m p l a t e  m e t h o d ,  b u t  c a n  be  p r e p a r e d  b y  a 
t r a n s m e t a l l a t i o n  p r o c e d u r e .  S y n t h e s i s  o f  t h e  m a c r o c y c l e  i n  
t h e  p r e s e n c e  o f  o n e  o f  t h e  m e t a l  i o n s  know n t o  be  e f f e c t i v e  
a s  a  t e m p l a t e  i s  f o l l o w e d  b y  a  m e t a l  e x c h a n g e  p r o c e s s  i n  
s o l u t i o n  t o  i n s e r t  t h e  n i c k e l ( I I )  i o n .  T h i s  c a t i o n  
e x h i b i t s  a  s t r o n g  p r e f e r e n c e  f o r  t h e  s q u a r e  p l a n a r ,  s q u a r e  
p y r a m i d a l ,  a n d  o c t a h e d r a l  g e o m e t r i e s . 2 2  T h u s  t h e  
f a i l u r e  o f  t h e  n i c k e l ( I I )  c a t i o n  t o  b e h a v e  a s  a  t e m p l a t e  
i o n  i n  t h e  s y n t h e s i s  o f  l i g a n d  Jl_4 i s  p r o b a b l y  d u e  t o  t h e  
d i s i n c l i n a t i o n  o f  t h e  m e t a l  t o  a c c o m m o d a t e  t h e  p e n t a g o n a l  
a r r a y  o f  d o n o r  n i t r o g e n  a t o m s  n e c e s s a r y  f o r  r e a c t i o n  t o  
o c c u r .
A t t e m p t s  t o  p r e p a r e  t h e  n i c k e l ( I I )  c o m p l e x  o f  l i g a n d  
13 b y  t r a n s m e t a l l a t i o n  h a v e  r e s u l t e d  i n s t e a d  i n  t h e  
f o r m a t i o n  o f  a d d i t i o n  p r o d u c t s  15 o r  t h e  r i n g - o p e n e d
p r o d u c t  J_6 . I n  t h i s  c a s e ,  t h e  s t e r e o c h e m i c a l  p r e f e r e n c e s  
o f  t h e  m e t a l  i m p o s e  a  new c o n f o r m a t i o n  o n  t h e  l i g a n d  a n d
J u d g i n g  f r o m  m o l e c u l a r  m o d e l s ,  t h e  s i z e  o f  l i g a n d  J_3 
i s  n o t  s u f f i c i e n t  f o r  i t s  c o m p l e x e s  t o  p o s s e s s  a  p l a n a r  
c o n f o r m a t i o n  w i t h o u t  e x p e r i e n c i n g  a  g r e a t  d e a l  o f  s t r a i n .  
The  s t r o n g  p r e f e r e n c e  o f  n i c k e l ( I I )  f o r  o c t a h e d r a l  g e o m e t r y  
p r o v i d e s  t h e  d r i v i n g  f o r c e  f o r  a d d i t i o n  a c r o s s  o n e  o f  t h e  
a z o m e t h i n e  b o n d s ,  w h i c h  i n  t u r n  i n t r o d u c e s  t h e  f l e x i b i l i t y  
n e c e s s a r y  f o r  a c h i e v e m e n t  o f  t h e  o p t i m u m  c o n f o r m a t i o n .  I t  
i s  i m p o r t a n t  t o  p o i n t  o u t  t h a t  p e n t a g o n a l  b i p y r a m i d a l  
c o m p l e x e s  o f  J_3 w i t h  o t h e r  m e t a l  i o n s  o f  s i m i l a r  s i z e  a n d  
c h a r g e ,  s u c h  a s  i r o n ( I I ) ,  a r e  r e l a t i v e l y  s t a b l e  t o  
n u c l e o p h i l i c  a t t a c k  b y  a l c o h o l s  o r  w a t e r .  1 8 * 4 8  <j>he  
o p p o s i t e  e f f e c t  h a s  a l s o  b e e n  w e l l  d o c u m e n t e d ;  t h e  s t e r i c  
r e q u i r e m e n t s  o f  t h e  l i g a n d  may i m p o s e  a n  u n u s u a l  o r  
i r r e g u l a r  c o o r d i n a t i o n  g e o m e t r y  o n  a  m e t a l  i o n . 1 8 , 4 8 , 5 1 , 5 2  
I f  2 , 6 - d i a c e t y l p y r i d i n e  i s  c o n d e n s e d  w i t h  N , N - b i s ( 3 -  
a m i n o p r o p y l )  a m i n e  i n  t h e  p r e s e n c e  o f  a  l a r g e  m e t a l  i o n
t h e r e b y  e n h a n c e  i t s  r e a c t i v i t y . ^ 2
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s u c h  a s  s i l v e r ,  d i m e r  Vj_ i s  t h e  o n l y  o b s e r v e d  p r o d u c t  a n d  
e x i s t s  a s  t h e  d i s i l v e r ( I )  c o m p l e x .  The  Ag Ag d i s t a n c e  i s
tt
6 . 0  A: c l e a r l y ,  t h e r e  i s  n o  i n t e r a c t i o n  b e t w e e n  t h e  m e t a l  
a t o m s .  I t  a p p e a r s  t h a t  i n  t h i s  c a s e  t h e  s i z e  m e t a l  i o n  i s  
t h e  d o m i n a n t  f a c t o r  i n  d e t e r m i n i n g  t h e  c o u r s e  o f  t h e  
r e a c t i o n . 5 3  T h u s  f a r ,  J_7 i s  t h e  o n l y  d i m e r i c  c o m p l e x  
s y n t h e s i z e d  by  t h e  JLn s i t u  t e m p l a t e  p r o c e d u r e .
S t o t z  a n d  S t o u f e r 5 4  r e p o r t e d  t h e  f i r s t  e x a m p l e  o f  
a  b i n u c l e a r  c o m p l e x  o f  a  m a c r o c y c l i c  l i g a n d  J_8 , w h i c h  h o l d s  
t h e  tw o  m e t a l  i o n s  i n  s u f f i c i e n t l y  c l o s e  p r o x i m i t y  t o  
p e r m i t  m e t a l - m e t a l  i n t e r a c t i o n s ,  a s  i n d i c a t e d  b y  m a g n e t i c  
s u s c e p t i b i l i t y  a n d  e s r  m e a s u r e m e n t s .  T he  d i n u c l e a r  c o m p l e x  
o f  l i g a n d  j _8 ( 4 0 - 4 5 % )  i s  f o r m e d  b y  t h e  c o p p e r ( I I )  a s s i s t e d  
S c h i f f  b a s e  c o n d e n s a t i o n  o f  2 , 6 - d i a c e t y l p y r i d i n e  w i t h  
o - p h e n y l e n e d i a m i n e . A l t h o u g h  c a l c i u m ,  s t r o n t i u m ,  b a r i u m ,  
l e a d ( I I ) ,  l a n t h a n u m { I I I ) , 5 5 , 5 6  a n( 3 c e r i u m ( I I I ) 5 5  
h a v e  a l l  b e e n  s u c c e s s f u l l y  u s e d  a s  t e m p l a t i n g  i o n s  i n  t h e  
s y n t h e s i s  o f  J J J ,  a t t e m p t s  t o  e f f e c t  c y c l i z a t i o n  i n  t h e  
p r e s e n c e  o f  m a g n e s i u m ,  m a n g a n e s e ( I I ) ,  i r o n ( I I ) ,  n i c k e l ( I I ) ,  
c o p p e r ( I I ) ,  s i l v e r ( I ) ,  c a d m i u m ( I I ) ,  a n d  m e r c y r y ( I I )  h a v e
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f a i l e d .  T h e s e  c o m p l e x e s  o f  j_9 a p p e a r  t o  be  t h e  f i r s t  i n  
w h i c h  t h e  " h a r d "  a l k a l i n e  e a r t h  m e t a l  i o n s '  a r e  b o u n d  t o  a  
m a c r o c y c l i c  l i g a n d  c o n t a i n i n g  o n l y  " s o f t "  n i t r o g e n  
d o n o r s . 57 E f f o r t s  t o  p r e p a r e  a  b a r i u m  c o m p l e x  o f  _1_8 
h a v e  f a i l e d ,  w h e r e a s  c a l c i u m ,  s t r o n t i u m ,  b a r i u m ,  a n d  
l e a d ( I I )  h a v e  b e e n  u s e d  s u c c e s s f u l l y  i n  t h e  s y n t h e s i s  o f  20 
b y  t h e  S c h i f f  b a s e  c o n d e n s a t i o n  o f  2 , 6 - d i f o r m y l p y r i d i n e
w i t h  o - p h e n y l e n e d i a m i n e . 5 8
T r a n s m e t a l l a t i o n  r e a c t i o n s  i n  m e t h a n o l ,  i n t e n d e d  t o  
f o r m  t h e  m a n g a n e s e ( I I ) { i o n i c  d i a m e t e r :  1 . 8 4  A ) ,  i r o n ( I I )  
( 1 . 8 4  A ) ,  c o b a l t ( I I ) ( 1 . 8 0  A ) ,  o r  z i n c  ( I ) ( 1 . 8 0  A) c o m p l e x e s  
o f  20^ ( c a v i t y  r a d i u s :  2 . 7  A ) ,  h a v e  l e d  t o  t h e  i s o l a t i o n  o f  
a  new s e r i e s  o f  c o m p l e x e s  w h e r e  t h e  l i g a n d  h a s  u n d e r g o n e  a 
r i n g  c o n t r a c t i o n  t o  b e t t e r  a c c o m m o d a t e  t h e  s m a l l e r  c a t i o n s .  
T h e  r i n g - c o n t r a c t i o n  w as  i n i t i a t e d  b y  f o l l o w i n g  t h e  m e t a l  
i o n  o r  c a v i t y ,  r e s p e c t i v e l y . )  T h e  r i n g - c o n t r a c t i o n  w as  
i n i t i a t e d  b y  a d d i t i o n  o f  m e t h a n o l  a c r o s s  o n e  o f  t h e  a z o -  
m e t h i n e  b o n d s  d u r i n g  t r a n s m e t a l l a t i o n ,  a n d  s u b s e q u e n t  
f o r m a t i o n  o f  a  f i v e - m e m b e r e d  i m i d a z o l i n e  r i n g  t o  a f f o r d  
l i g a n d  2J_. E v i d e n c e  t o  s u p p o r t  t h e  b e l i e f  t h a t  t h e  r i n g -
c o n t r a c t i o n  i s  d u e  t o  a  d i s p a r i t y  i n  t h e  s i z e s  o f  t h e  m e t a l  
i o n  a n d  l i g a n d  2 0  i s  p r o v i d e d  b y  t h e  f a c t  t h a t  e x c h a n g e  o f  
c a d m i u m ( I I ) ( 2 . 2 0  A) f o r  b a r i u m ( I I )  d o e s  n o t  i n v o k e  r i n g -  
c o n t r a c t i o n ,  b u t  f o r m s  t h e  d e s i r e d  c o m p l e x . 59
I n  a n  a n a l o g o u s  f a s h i o n  c o m p l e x  22^ may be o b t a i n e d  b y  
c o n d e n s a t i o n  o f  2 , 6 - d i f o r m y l p y r i d i n e  w i t h  23  ^ i n  t h e  p r e s ­
e n c e  o f  m a n g a n e s e ( I I ) o r  z i n c ( I I ) .  A c c o r d i n g  t o  c r y s t a l -  
l o g r a p h i c  d a t a ,  t h e  c o o r d i n a t i o n  g e o m e t r y  o f  2 2  ^ i s  d i s ­
t o r t e d  p e n t a g o n a l  b i p y r a m i d a l .
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B.  C o r o n a n d s  C o n t a i n i n g  A p p e n d a g e s  C a p a b l e  o f  C o m p l e x a t i o n
S e v e r a l  d e r i v a t i v e s  o f  4_ h a v e  b e e n  s y n t h e s i z e d  i n  
w h i c h  a n  a d d i t i o n a l  f u n c t i o n a l  g r o u p  h a s  b e e n  a t t a c h e d  t o  
t h e  s e c o n d a r y  s p 3  n i t r o g e n  a t o m .  S u c h  c o m p o u n d s  a r e  
l e s s  r i g i d  i n  t e r m s  o f  t h e  g e o m e t r i c a l  r e q u i r e m e n t s  o f  t h e
c o o r d i n a t e d  m e t a l  i o n  a n d  a r e  t h u s  e s p e c i a l l y  i n t e r e s t i n g  
f o r  s t r u c t u r a l  s t u d i e s .  C o n d e n s a t i o n  o f  N ,N - b i s ( 3 - a m i n o -  
p r o p y l ) - N ' , N ' - d i m e t h y l e t h y l e n e d i a m i n e  w i t h  2 , 6 - d i a c e t y l ­
p y r i d i n e  i n  t h e  p r e s e n c e  o f  n i c k e l ( I I )  i o n s  r e s u l t s  i n  t h e  
f o r m a t i o n  o f  2£»  w h i c h  u p o n  s u b s e q u e n t  r e d u c t i o n  o f  t h e
L i g a n d s  26  a n d  2J7, i n  w h i c h  t h e  t e r m i n a l  a m i n o  g r o u p s  h a v e  
b e e n  r e p l a c e d  b y  h y d r o x i d e , h a v e  a l s o  b e e n  s y n t h e s i z e d  a s  
t h e  n i c k e l ( I I )  c o m p l e x e s .  L i g a n d s  2 4 - 2 7  may e x i s t  i n  o n e
o f  tw o  f o r m s  d e p e n d i n g  o n  t h e  pH o f  t h e  s o l u t i o n .  A t  l o w  
pH p r o t o n a t i o n  o f  t h e  d i m e t h y l a m i n o  o r  h y d r o x y  g r o u p s  
r e s u l t s  i n  b i n d i n g  o f  t h e  m e t a l  i o n  b y  t h e  f o u r  n i t r o g e n  
a t o m s  o f  t h e  m a c r o c y c l e  i n  a  s q u a r e  p l a n a r  l i g a n d  f i e l d .  
A t  h i g h e r  pH t h e  d i m e t h y l a m i n o  o r  h y d r o x y  g r o u p s  c a n  
c o o r d i n a t e  i n  o n e  o f  t h e  a x i a l  p o s i t i o n s  t o  p r o d u c e  a  
p s e u d o - o c t a h e d r a l  c o o r d i n a t i o n  g e o m e t r y .
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i m i n e  g r o u p s  a f f o r d s  t h e  n i c k e l ( I I )  c o m p l e x e s  o f  2 5 . ^ 1
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I n t e r e s t  i n  t h e s e  l i g a n d s  s t e m s  f r o m  a  d e s i r e  t o  
s y n t h e s i z e  i m p r o v e d  a n a l o g u e s  o f  t h e  c o b a l a m i n e s . 6 3
W i t h  t h i s  i n  m i n d ,  2 , 6 - d i a c e t y l p y r i d i n e  w as  c o n d e n s e d  w i t h  
H , N , N - t r i s {a m i n o p r o p y l ) a m i n e  i n  t h e  p r e s e n c e  o f  n i c k e l ( I I )  
o r  c o p p e r ( I I )  t o  a f f o r d  t h e  c o m p l e x  o f  ^ 8 . C o b a l t ( I I )  a n d  
z i n c ( I I )  h a v e  a l s o  b e e n  e m p l o y e d  a s  t e m p l a t i n g  a g e n t s  i n  
t h e  s y n t h e s i s  o f  2 J J .6 4  T^ e  r e a c t i o n  o f  t h e  n i c k e l ( I I )  
c o m p l e x  o f  28  w i t h  a c e t o n e  r e s u l t s  i n  a  d i m e r i c  c o m p l e x ,
. 2 9 r®4 b y  a  p r o c e s s  t h a t  i s  w e l l  e s t a b l i s h e d  f o r  p r i m a r y  
a m i n e s .
C .  C o r o n a n d s  . C o n t a i n i n g  t h e  1 , 1 0 - P h e n a n t h r o l i n e  S u b u n i t .
T h e r e  h a v e  b e e n  r e p o r t s  o f  s e v e r a l  m a c r o c y c l e s  w h i c h  
c o n t a i n  a  1 , 1 0 - p h e n a n t h r o l i n o  s u b u n i t .  The  f i r s t  (J3£) w a s  
s y n t h e s i z e d  i n  94% y i e l d  b y  t h e  r e a c t i o n  o f  2 , 9 - d i a m i n o -  
p h e n a n t h r o l i n e  (J32) a n d  2 , 9 - d i c h l o r o p h e n a n t h r o l i n e  ( 3 1 ) i n  
n i t r o b e n z e n e ,  w i t h  p o t a s s i u m  c a r b o n a t e  p r e s e n t  a s  a n  a c i d  
a c c e p t o r .  The  s o l i d  s t a t e  I R  s p e c t r u m  i n d i c a t e d  t h a t  30^ 
p o s s e s s e s  i n t r a m o l e c u l a r  h y d r o g e n  b r i d g i n g .  The  c o p p e r ( I I )  
(94%) a n d  n i c k e l ( I I )  c o m p l e x e s  ( 3 3 )  h a v e  a l s o  b e e n
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r e p o r t e d .  T h e y  may be  f o r m e d  i n  o n e  o f  t w o  w a y s :  e i t h e r
b y  r e a c t i o n  o f  3*1^  a n d  32  i n  t h e  p r e s e n c e  o f  t h e  m e t a l  s a l t  
o r  b y  r e a c t i o n  o f  3i0 w i t h  t h e  m e t a l  s a l t . ® ®
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I n c o r p o r a t i o n  o f  t h e  1 , 1 0 . - p h e n a n t h r o l i n o  m o i e t y  i n t o  a  
m a c r o c y c l i c  f r a m e w o r k  i s  o f  i m p o r t a n c e  b e c a u s e  o f  t h e  g r e a t  
s t a b i l i t y  o f  t h e  c o m p l e x e s  i t  f o r m s  w i t h  t r a n s i t i o n  m e t a l s .  
I t  a l s o  h a s  b e e n  f o u n d  t o  s t a b i l i z e  u n u s u a l  m e t a l  i o n  
o x i d a t i o n  s t a t e s . ® ?  a s  a  r e s u l t  o f  t h e  c o n s i d e r a b l e  
e l e c t r o n  d e l o c a l i z a t i o n  b e t w e e n  t h e  m e t a l  i o n  a n d  t h e  
n i t r o g e n  b a s e  s y s t e m ,  t h e s e  p h e n a n t h r o l i n e  c o m p l e x e s  a r e  
p o t e n t i a l  e l e c t r o n  a c c e p t o r s , ® ®  a n d  may t h e r e f o r e  p r o v e  
t o  be  u s e f u l  p o r p h y r i n  m i m i c s .  T h e s e  c o m p l e x e s  s h o u l d  
c e r t a i n l y  e x h i b i t  i n t e r e s t i n g  r e d o x  r e a c t i o n s  a n d  r e s u l t  i n  
u n u s u a l  o x i d a t i o n  s t a t e s  f o r  t h e  m e t a l  i o n s .  T he  c o n d e n ­
s a t i o n  o f  1 , 1 0 - p h e n a n t h r o l i n e - 2 , 9 - d i c a r b o x a l d e h y d e  ( 3 4 )  
w i t h  d i h y d r a  z o n e ,  d i e t h y l e n e t r i a m i n e ,  o r  N , N - i m i n o b i s -  
p r o p y l a m i n e  (3J5) r e s u l t s  i n  t h e  f o r m a t i o n  o f  m a c r o c y c l e s  3j> 
( 5 0 % ) ,  37  ( 5 0 % ) ,  a n d  38 ( 1 0 % ) .  The  m e t a l  i o n s  e f f e c t i v e  i n
t h e  s y n t h e s i s  o f  ^ 6  i n c l u d e :  n i c k e l ( I I ) ,  i r o n ( I I ) ,  a n d
c o b a l t  ( I I ) .  I n  c o n t r a s t  3J7 a n d  3jJ h a v e  o n l y  b e e n  p r e p a r e d  
i n  t h e  p r e s e n c e  o f  m a n g a n e s e ( I I ) .
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T h e  m a c r o c y c l i c  c o m p l e x e s  o f  _41_ h a v e  b e e n  p r e p a r e d  by  
t h e  c o n d e n s a t i o n  o f  2 , 6 - d i a c e t y l p y r i d i n e  ( 4 £ )  w i t h  t h e  
2 , 9 - d i h y d r a z i n o - 1 , 1 0 - p h e n a n t h r o l i n e  ( 3 9 )  i n  t h e  p r e s e n c e  o f  
z i n c ( I I )  (60%) c a d m i u m ( I I )  ( 5 5 % ) ,  o r  m a n g a n e s e ( I I ) (75%) a s  
t e m p l a t e s .  The  X - r a y  s t r u c t u r e  d e t e r m i n a t i o n  o f  t h e  
m a n g a n e s e  c o m p l e x  o f  s h o w s  t h e  c o o r d i n a t i o n  g e o m e t r y  
a r o u n d  t h e  m e t a l  i o n  t o  be  a n  u n u s u a l  d i s t o r t e d  p e n t a g o n a l  
p y r a m i d ,  c o n s i s t e n t  w i t h  a  j r - d e l o c a l i z a t i o n  p r o c e s s .  The  
f i v e  n i t r o g e n  a t o m s  a l l  l i e  i n  a p p r o x i m a t e l y  t h e  same
p l a n e ,  a b o v e  w h i c h  r e s t s  t h e  m a n g a n e s e  a t o m  c a p p e d  b y  a n  
a p i c a l  c h l o r i n e . ® 9
Me 
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L e w i s  a n d  O 'D o n o g h u e  h a v e  s u b j e c t e d  t h e  z i n c  c o m p l e x e s  
i l l  anc  ^ £ 2  t o  s o d i u m  b o r o h y d r i d e  r e d u c t i o n ;  NMR d a t a  
i n d i c a t e  t h a t  t r a n s  h y d r o g e n a t i o n  o c c u r s  a c r o s s  b o t h  
h y d r a z o n e  b o n d s . ^ h e  i r o n { I I )  c o m p l e x  o f  4_1_ h a s  a l s o  
b e e n  r e p o r t e d  a n d  b e a r s  c e r t a i n  s t r u c t u r a l  s i m i l a r i t i e s  t o  
t h e  p o r p h y r i n s .  T he  g e o m e t r i c a l  f o r m  o f  t h e  c o m p l e x  i s  
t h a t  o f  a  s l i g h t l y  d i s t o r t e d  p e n t a g o n a l  b i p y r a m i d ;  t h e  
m e t a l  a t o m  i s  c o p l a n a r  w i t h  t h e  n i t r o g e n  a t o m s  o f  t h e  
l i g a n d  c a v i t y  a n d  w a t e r  m o l e c u l e s  o c c u p y  t h e  tw o  a x i a l
re? R - ^ p N ' Y - R
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p o s i t i o n s .  The  complex i s  r e l a t i v e l y  r i g i d  and appears to  
p o s s e s s  some »7-de l o c a l i z a t i o n .
D. C o r o n a n d s  C o n t a i n i n g  t h e  T r i a z i n e  a n d / o r  I s o i n d o l -  
i n y l i d e n e  S u b u n i t s .
4 5  (25%)
B o r o d k i n  e t  al^.  h a v e  r e p o r t e d  t h e  s y n t h e s e s  o f  a  
s e r i e s  o f  m a c r o c y c l e s  c o n t a i n i n g  i s o i n d o l i n e  a n d  t r i a z i n e  
s u b u n i t s  w i t h  2 , 6 - d i a m i n o p y r i d i n e  ( 4_8) .  7 2 - 7 7  f i r s t
m a c r o c y c l e  o f  t h i s  t y p e  r e p o r t e d  i n v o l v e s  t h e  t r e a t m e n t  o f  
4 - c h l o r o - 2 , 6 - b i s [ ( 1 - i m i n o - 3 - i s o i n d o l i n y l i d i n e  J a m i n o ] -  
t r i a z i n e  w i t h  2 , 6 - d i a m i n o p y r i d i n e  t o  a f f o r d  _£5 ( 2 5 % ) .
46  X=S _48 £ 9  X=S
4 7  X=CH2 50 X=CH2
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V
5 1 a  X=CH2 
5 1 b  X=S
C o m p l e x e s  o f  45  h a v e  b e e n  i s o l a t e d  f o r  c o p p e r ( I I ) ,  
c o b a l t ( I I ) ,  a n d  n i c k e l ( I I )  c a t i o n s . 7 2  c o n d e n s a t i o n  o f
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2 , 6 - d i a m i n o p y r i d i n e  w i t h  £ 6  a f f o r d s  t h e  d i m e r i c  m a c r o c y c l e  
49  ( 7 3 % ) .  No c o m p l e x e s  h a v e  b e e n  r e p o r t e d  w i t h  l i g a n d s  
4 9 ^ 3  Qr  J5£ . 7 4 r 7 5  I n  a d d i t i o n ,  t h e  r e a c t i o n  o f  
1 , 3 - b i s [ { 1 - i m i n o - 4 , 5 , 6 , 7 - t e t r a h y d r o - 3 - i s o i n d o l i n e ) a m i n o ] -  
b e n z e n e  w i t h  2 , 6 - d i a m i n o p y r i d i n e  g i v e s  5 1 a  ( 7 0 % ) . ? 6
T h e s e  a u t h o r s  h a v e  a l s o  r e p o r t e d  t h e  p r e p a r a t i o n  o f  a  
s e r i e s  o f  c h l o r o t r i a z i n e s  5 2 - 5 5  w i t h  2 , 6 - d i a m i n o p y r i d i n e  
t o  g e n e r a t e  t h e  c o r r e s p o n d i n g  d i m e r i c  m a c r o c y c l e s  5 6 - 5 9 .  
T h e  c o p p e r ( I I )  c o m p l e x e s  o f  t h e s e  m a c r o c y c l e s  ( 5 6 - 5 9 )  h a v e  
a l s o  b e e n  s y n t h e s i z e d  a n d  c h a r a c t e r i z e d . 77
E .  C o r o n a n d s  B r i d g e d  b y  H y d r a z i n e  M o i e t i e s
L e w i s  a n d  W a i n w r i g h t ^ 8 h a v e  p r e p a r e d  a  new 
t h i r t e e n - m e m b e r e d  m a c r o c y c l e  b y  t r e a t i n g  t h e  n i c k e l ( I I )  o r  
c o b a l t ( I I )  c o m p l e x e s  o f  6 , 6 ' - d i h y d r a z i n o - 2 , 2 1- d i p y r i d i n e  
( 6 0 )  w i t h  a c e t o n e .  I n  t h e  c a s e  o f  60^ t h e  m e t a l  c h e l a t e s  
v e r y  s t r o n g l y  t o  t h e  d i p y r i d i n e  m o i e t y  a n d  b o n d s  o n l y  
w e a k l y  a t  t h e  t e r m i n a l  n i t r o g e n  s i t e s  o f  t h e  h y d r a z i n e  
m o i e t y ,  r e n d e r i n g  t h e s e  a t o m s  u n u s u a l l y  l a b i l e  a n d  n u c l e o -  
p h i l i c .  T r e a t m e n t  o f  t h e  n i c k e l ( I I )  c o m p l e x  o f  w i t h  
r e f l u x i n g  a q u e o u s  a c e t o n e  r e s u l t s  w i t h i n  a  f e w  m i n u t e s  i n  
t h e  q u a n t i t a t i v e  f o r m a t i o n  o f  t h e  C u r t i u s - t y p e  m a c r o c y c l e ,  
( 6J J . 8 8  x h e s e  a r e  t h e  m i l d e s t  c o n d i t i o n s  y e t  o b s e r v e d  
f o r  s u c h  a  t r a n s f o r m a t i o n .  T h e  m e t a l  i o n  c a n  be  d i s p l a c e d  
w i t h  s o d i u m  c y a n i d e  t o  a f f o r d  t h e  f r e e  l i g a n d  4^2. T he
23
i r o n ( I I )  a n d  c o b a l t ( I I )  c o m p l e x e s  o f  £ 2  h a v e  a l s o  b e e n  
i s o l a t e d . ? 8
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An a n a l o g o u s  s y s t e m  i n v o l v e s  t h e  c o n d e n s a t i o n  o f  
p e n t a n e - 2 , 4 - d i o n e  (6j3) w i t h  6 , 6  ' - b i s t N - m e t h y l h y d r a z i n o ) -  
2 , 2 1- d i p y r i d i n e  ( 6 4 )  i n  t h e  p r e s e n c e  o f  n i c k e l ( I I )  t o  
a f f o r d  t h e  t h i r t e e n - m e m b e r e d  c o m p l e x  6J5. T r e a t m e n t  o f  t h e  
c o m p l e x  w i t h  s o d i u m  c y a n i d e  d o e s  n o t  r e l e a s e  t h e  l i g a n d ,
Mel
+ 2r r T
2 +
-M e*  Me—
MeMe
64 63 65
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n o r  d o e s  t h e  c o m p l e x  f o r m  w h e n  c o p p e r  i s  u s e d  a s  t h e  m e t a l  
t e m p l a t e . ^9
T r e a t m e n t  o f  o x o v a n a d i u m ( IV )  c o m p l e x e s  o f  2 , 6 - d i -  
p i c o l i n o y l  d i h y d r a z i n e  w i t h  /3 - d i k e t o n e s  r e s u l t s  i n  t h e  
f o r m a t i o n  o f  m a c r o c y c l i c  c o m p l e x e s  6 6 - 6 8 . T h e s e  p r o d u c t s  
h a v e  b e e n  c h a r a c t e r i z e d  on  t h e  b a s i s  o f  t h e i r  e l e m e n t a l  
a n a l y s e s ,  e l e c t r i c a l  c o n d u c t a n c e ,  m a g n e t i c  s u s c e p t i b i l i t y  
a n d  i n f r a r e d  s p e c t r a l  d a t a . 8 8
6 6  R=Me; R*-Me
67 R = E t ;  R'=Me
ii il j68  R=Bz; R'=Me
R ^ V ^ R *  —
T h e  o n l y  o t h e r  e x a m p l e  o f  a  S c h i f f  b a s e  c o n d e n s a t i o n  
w i t h  b i p y r i d y l  t o  f o r m  a  m a c r o c y c l i c  c o m p l e x  h a s  b e e n  
r e p o r t e d  b y  T a s k e r  e t  a l . 8  ^ i n  w h i c h  2 , 6 - d i f o r m y l -  
o r  2 , 6 - d i a c e t y l - p y r i d i n e  i s  c o n d e n s e d  w i t h  6 , 6 ' - d i h y d r a -  
z i n o - 2 , 2 ' d i p y r i d i n e  ( 6£ )  i n  t h e  p r e s e n c e  o f  z i n c ( I I )  t o
■ A "
R=Me or H
69
R=Me o r  H
Y =H 2 0
a f f o r d  p e n t a g o n a l  b i p y r a m i d a l  c o m p l e x e s  6j J .  The  r i g i d i t y  
o f  t h e  s y s t e m  r e s u l t s  i n  a n  e q u a t o r i a l  'N 5 * d o n o r  s e t  
t h a t  i s  e s s e n t i a l l y  p l a n a r ;  w a t e r  m o l e c u l e s  o c c u p y  t h e  
a x i a l  p o s i t i o n s .
An i r o n ( I I )  c o m p l e x  o f  a  c o m p l e t e l y  c o n j u g a t e d  
f o u r t e e n - m e m b e r e d  h e x a - a z a  l i g a n d  h a s  b e e n  p r e p a r e d  by  t h e  
c o n d e n s a t i o n  o f  2 , 6 - d i a c e t y l p y r i d i n e  w i t h  h y d r a z i n e  i n  
a c e t o n i t r i l e .  T h e r e  a r e  tw o  p o s s i b l e  i s o m e r s ,  70  a n d  Z l *  
X - r a y  d a t a  show  t h a t  t h e  s t r u c t u r e  o f  t h i s  c o m p l e x  i s  b e s t  
r e p r e s e n t e d  b y  i n  w h i c h  t h e  m a c r o c y c l e  i s  c o m p l e t e l y  
p l a n a r  a n d  t h e  c o o r d i n a t i o n  g e o m e t r y  i s  p e n t a g o n a l  
b i p y r a m i d a l .  T h i s  i r o n ( I I )  c o m p l e x  o f  70^ i s  e x t r e m e l y
l a b i l e  t o  n u c l e o p h i l e s . T^ e  c o b a l t ( I I ) 
m a g n e s i u m ( I I ) , z i n c ( I I ) , ® 3  a n d  s c a n d i u m ( I I I ) ® ^  
c o m p l e x e s  o f  t h i s  h e x a - a z a  q u a d r i d e n t a t e  l i g a n d  h a v e  a l s o  
b e e n  p r e p a r e d .
R a n a  a n d  T e o t i a  h a v e  r e p o r t e d  t h e  s y n t h e s i s  o f  a  n o v e l  
t r i d e n t a t e  m a c r o c y c l e  ( 7 2 )  b y  t h e  r e a c t i o n  o f  2 , 6 - d i -  
p i c o l i n i c  a c i d  h y d r a z i d e  a n d  a c e t y l a c e t o n e  i n  t h e  p r e s e n c e  
o f  c o b a l t ( I I ) ,  n i c k e l ( l l ) ,  a n d  c o p p e r ( I I )  s a l t s .  As  i s
X = CHjCN 
7 0
x = c h 3cn
7 1
f r e q u e n t l y  t h e  c a s e ,  w a t e r  o c c u p i e s  t h e  a x i a l  p o s i t i o n s  o f  
t h e s e  t r i g o n a l  b i p y r a m i d a l  c o m p l e x e s  a n d  t h e  c h e l a t i n g  
n i t r o g e n  a t o m s  a r e  e s s e n t i a l l y  c o p l a n a r . 8 8
oJ ^ L p
n - A - n
NH N 7 |
F .  C o r o n a n d s  By C o n d e n s a t i o n  o f  D i a c i d  H a l i d e s  w i t h  
P o l y a m i n e s
V f i g t l e  e t  al_ .  h a v e  e m p l o y e d  t h e  r e a c t i o n  o f  2 , 6 - b i s -  
( c h l o r o f o r m y l ) p y r i d i n e  w i t h  v a r i o u s  p o l y a m i n e s  t o  
s y n t h e s i z e  a  n u m b e r  o f  c o r o n a n d s ,  i n c l u d i n g  7 3 - 7 5 .
C o p p e r ( I I )  c o m p l e x e s  h a v e  b e e n  r e p o r t e d  f o r  l i g a n d s  a n d
7 4 . 8 6
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I n  1 9 7 6 ,  W e b e r  a n d  V f J g t l e  a l s o  r e p o r t e d  t h e  
s y n t h e s e s  o f  J76* o b t a i n e d  b y  t r e a t m e n t  o f  t h e  same 
s u b s t r a t e  w i t h  2 , 6 - d i a m i n o p y r i d i n e . 8 ^ t o  d a t e ,  no  
c o m p l e x e s  o f  7ji h a v e  b e e n  r e p o r t e d .  S i m i l a r  m a c r o c y c l i c  
c o m p o u n d s  w h i c h  h a v e  b e e n  p r e p a r e d  by  V O g t l e  et : a l . ,
i n c l u d e  7 7 - 7 9 ; 8 8  h o w e v e r ,  no  c o m p l e x e s  o f  t h e s e  l i g a n d s  
h a v e  y e t  b e e n  r e p o r t e d .
I n  v i e w  o f  t h e  a f f i n i t y  o f  t r a n s i t i o n  m e t a l s  f o r  
d i p y r i d i n e ,  t h i s  m o i e t y  h a s  b e e n  i n c o r p o r a t e d  i n  
m a c r o c y c l i c  s y s t e m s  i n  l i e u  o f  p y r i d i n e .  V f l g t l e  h a s  
u t i l i z e d  t h i s  new e n t i t y  i n  t h e  s y n t h e s i s  o f  l i g a n d s  £[0 
(41%) a n d  8J_ ( 1 9 % ) ,  b u t  t o  d a t e  no  c o m p l e x e s  o f  t h e s e  tw o  
l i g a n d s  h a v e  b e e n  i s o l a t e d .
H o w e v e r ,  s e v e r a l  i n t r i g u i n g  m a c r o c y c l i c  l i g a n d s  w h i c h  
f o r m  d i n u c l e a r  c o m p l e x e s  h a v e  b e e n  s y n t h e s i z e d  b y  L e h n  a n d  
c o w o r k e r s .  L i g a n d s  62 a n d  8_3 a r e  s y n t h e s i z e d  b y  a  r o u t e  
w h i c h  r e s u l t s  i n  t h e  f o r m a t i o n  o f  u n c o m p l e x e d  l i g a n d s  
( S c h e m e  I ) .  B o t h  l i g a n d s  f o r m  d i n u c l e a r  c o p p e r ( I I )
76 77 78 79
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c o m p l e x e s ,  t h e  c o p p e r - c o p p e r  d i s t a n c e  i n  82^  b e i n g  4 . 7 9
A . 8 9
I I I .  C o r o n a n d s  C o n t a i n i n g  B o t h  O x y g e n  a n d  N i t r o g e n
A s  w i t h  t h e  a z a  c o r o n a n d s  p r e v i o u s l y  d i s c u s s e d ,  t h e  
m a j o r i t y  o f  t h e  c o r o n a n d s  c o n t a i n i n g  o x y g e n  a n d  n i t r o g e n  
h a v e  b e e n  s y n t h e s i z e d  b y  S c h i f f  b a s e  c o n d e n s a t i o n  o r  v i a  a  
n u c l e o p h i l i c  s u b s t i t u t i o n  o f  h a l i d e  f r o m  a  c o m p o u n d  
p o s s e s s i n g  e i t h e r  p y r i d i n e  o r  d i p y r i d i n e  s u b u n i t s .  T h e  
f i r s t  p a r t  o f  t h i s  d i s c u s s i o n  w i l l  d e a l  w i t h  t h e  s y n t h e s i s  
o f  t h e s e  c o r o n a n d s  b y  t h e  S c h i f f  b a s e  c o n d e n s a t i o n .
A .  S y n t h e s i s  b y  S c h i f f ' s  B a s e  C o n d e n s a t i o n
A n a l o g o u s  t o  t h e  p r e p a r a t i o n  o f  s t r i c t l y  n i t r o g e n  
c o n t a i n i n g  m a c r o c y c l e s ,  l i g a n d s  j ! 4 , 1 8 * 2 0 * 2 2 , 4 6 , 9 0  Q 5 f 4 6 , 9 0  
0 j j ^ 9 1 , 9 2  a n d  8 7 9 1  , 9 2  h a v e  b e e n  s y n t h e s i z e d  b y  c o n d e n s a t i o n  
o f  2 , 6 - d i a c e t y l -  o r  2 , 6 - d i f o r m y l p y r i d i n e  w i t h  t h e  d e s i r e d  
d i a m i n o p o l y e t h e r  i n  t h e  p r e s e n c e  o f  a  m e t a l  i o n .  T h e  m e t a l  
i o n s  w h i c h  h a v e  b e e n  u t i l i z e d  i n  t h e  s y n t h e s i s  o f  l i g a n d  E U  
a r e  i r o n ( I I I ) , 2 0 , 4 8  m a n g a n e s e ( I I ) f 1 8 , 2 0 , 4 6  i r o n ( x i ) , 1 8 r 2 0  
z i n c ( I I ) , 1 8 ' 2 0 ' 4 6  m a g n e s i u m ( I I ) , 1 8 , 2 0 , 9 0  i r o n { I I ) , 1 8 , 2 0  
c o b a l t  ( I I )  , 8 8  a n d  c a d m i u m . 1 8  j n  t h e  c a s e  o f  l i g a n d  8 J 5 ,  o n l y  
i r o n ( I I I ) , 4 8  m a n g a n e s e ( I I } , 4 8  m a g n e s i u m  ( I I ) , 0 0  a n d
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z i n c ( I I ) , ^ 6  h a v e  b e e n  e m p l o y e d .  C o m p l e x e s  o f  86^  a n d  fT7 
h a v e  b e e n  p r e p a r e d  w i t h  b a r i u m , ^ / 93 s t r o n t i u m , 93 
c a l c i u m , 9 2 , 9 3  a n <3 l e a d ( I I ) ® ^ .  The  c r y s t a l  s t r u c t u r e  
d e t e r m i n a t i o n  o f  t h e  l e a d  c o m p l e x  o f  8j> i n d i c a t e s  t h a t  t h e  
l e a d  i o n  i s  l o c a t e d  w i t h i n  t h e  m a c r o c y c l i c  c a v i t y  a n d  
a p p e a r s  t o  i n t e r a c t  p r e f e r e n t i a l l y  w i t h  t h e  n i t r o g e n  
a t o m s . 94
M a n g a n e s e ( X I ) a n d  z i n c ( I I )  m e t a l  i o n s  h a v e  b e e n  u s e d  
t o  s y n t h e s i z e  l i g a n d s  8(J a n d  8JJ. T he  c o o r d i n a t i o n  g e o m e t r y  
o f  t h e s e  c o m p l e x e s  i s  d i s t o r t e d  p e n t a g o n a l  b i p y r a m i -  
d a l . 6 0 / 9 5  j f  m a n g a n e s e ( I I ) c h l o r i d e  i n  e t h a n o l  i s  
u t i l i z e d ,  8j3 w a s  i s o l a t e d .  H o w e v e r ,  i f  m a g n e s i u m ( I I ) 
p e r c h l o r a t e  o r  m a g n e s i u m ( I I ) i s o t h i o c y a n a t e  i n  a l c o h o l  i s
e m p l o y e d ,  jy? i s  i s o l a t e d .  B e c a u s e  b o t h  l i g a n d s  c a n  be  
f o r m e d  e v e n  i n  t h e  a b s e n c e  o f  m e t a l  i o n s ,  t h e r e  a r i s e  
s e v e r a l  q u e s t i o n s  a b o u t  t h e  f a c t o r s  t h a t  c o n t r o l  t h e  
c y c l i z a t i o n .  The  m e t a l  i o n  may i n d e e d  a c t  a s  a  t e m p l a t e ,  
o r  t h e  m a c r o c y c l e  f o r m a t i o n  may be g o v e r n e d  s t r i c t l y  b y  
e n t r o p i c  c o n s i d e r a t i o n s .
T h e  c a l c i u m ,  s t r o n t i u m ,  b a r i u m ,  a n d  l e a d ^ 3  com­
p l e x e s  o f  ^  a n d  9J_ h a v e  a l s o  b e e n  r e p o r t e d .  I n  t h e s e  tw o  
l i g a n d s  t h e  s i x  d o n o r  a t o m s  a r e  e s s e n t i a l l y  c o n f i n e d  i n  a  
p l a n e ;  t h e s e  c o m p l e x e s  t h u s  p e r m i t  s t u d y  o f  u n u s u a l  c o o r d ­
i n a t i o n  g e o m e t r i e s  i n  s p e c i e s  o f  h i g h  c o o r d i n a t i o n  n u m b e r .  
A t t e m p t s  t o  f o r m  a l k a l i  m e t a l  c o m p l e x e s  w i t h  9 £  a n d  91_ 
u n d e r  t h e  sam e  c o n d i t i o n s  a s  e m p l o y e d  f o r  t h e  a l k a l i n e  
e a r t h  m e t a l  c o m p l e x e s  h a v e  f a i l e d .  The  s u c c e s s f u l  s y n ­
t h e s e s  o f  c o m p l e x e s  o f  t h e  l a t t e r  t y p e  i n d i c a t e  t h a t  t h e  
h i g h e r  c h a r g e  t o  r a d i u s  r a t i o  i s  o f  c o n s e q u e n c e  when  
s p h e r i c a l l y  c h a r g e d  c a t i o n s  a r e  e m p l o y e d .  S u c h  m e t a l  i o n s  
h a v e  no  a p p a r e n t  c o o r d i n a t i v e  d i s c r i m i n a t i o n  a s  t h e  
t e m p l a t e  i o n . ^ 3
A b i m e t a l l i c  c o m p l e x  o f  a  t h i r t y - m e m b e r e d  d e c a d e n t a t e  
m a c r o c y c l i c  l i g a n d  92_ w a s  s y n t h e s i z e d  i n  g r e a t e r  t h a n  80% 
y i e l d  when  l e a d ( I I )  t h i o c y a n a t e  w as  u s e d  a s  t h e  t e m p l a t e .  
No m o n o m e r i c  c o m p l e x  h a s  y e t  b e e n  i s o l a t e d  f r o m  t h e  
l e a d ( I I )  t e m p l a t e  r e a c t i o n .  The  x - r a y  c r y s t a l  s t r u c t u r e  
s h o w s  t h a t  t h e  c o o r d i n a t i o n  g e o m e t r y  o f  t h e  m e t a l  i s  
b a s i c a l l y  h e x a g o n a l  b i p y r a m i d a l  w i t h  o n e  e q u a t o r i a l  s i t e
u n o c c y p i e d .  The  a x i a l  p o s i t i o n s  a r e  o c c u p i e d  b y  t h i o -  
c y a n a t e  m o l e c u l e s .  B e c a u s e  t h e  m e t a l  i o n s  a r e  a s s o c i a t e d  
m o r e  s t r o n g l y  w i t h  t h e  n i t r o g e n  a t o m s  t h a n  w i t h  t h e  o x y g e n  
a t o m s  i n d i c a t e s  t h a t  t h e  w e a k l y  c o o r d i n a t i n g  e t h e r a l  o x y ­
g e n s  may n o t  be  a b l e  t o  c o m p e t e  e f f e c t i v e l y  w i t h  s o l v e n t  
m o l e c u l e s  f o r  c o o r d i n a t i o n  s i t e s .  As a  r e s u l t ,  t h e  t e r m i ­
n a l  a m i n e  a n d  c a r b o n y l  f u n c t i o n s  a r e  n o t  c o n s t r a i n e d  i n t o  
c l o s e  p r o x i m i t y ,  a n d  t h e r e  i s  a  p r e f e r e n t i a l  s e l f - c o n d e n ­
s a t i o n  t o  a f f o r d  t h e  d i m e r i c  d i n u c l e a r  c o m p l e x . 2 3 , 9 6
i s o l a t e d  b y  t r a n s m e t a l l a t i o n .  T h i s  c o p p e r  c o m p l e x  a d o p t s  
f o l d e d  c o n f o r m a t i o n  w h i c h  a l l o w s  f o r  i n t r a m o l e c u l a r  
b r i d g i n g  o f  t h e  m e t a l  i o n s  b y  s m a l l  a n i o n s  s u c h  a s  a z i d e  
a n d  h y d r o x i d e .  The  s t r u c t u r e  o f  t h e  f * - a z i d e  c o m p l e x  h a s  
b e e n  d e t e r m i n e d  b y  x - r a y  c r y s t a l  a n a l y s i s .  I t  s h o w s  e a c h  
c o p p e r  a t o m  t o  be  b o u n d  o n l y  t o  t h e  n i t r o g e n  a t o m s  o f  t h e  
m a c r o c y c l e  a n d  a n  a z i d e  m o l e c u l e  b r i d g i n g  t h e  t w o  m e t a l  
i o n s .  T h e r e  i s  a l s o  a  t e r m i n a l  a z i d e  i o n  b o u n d  t o  e a c h  
c o p p e r  a t o m  i n  t h e  p l a n e  o f  t h e  p y r i d i n e  r i n g . ^ 7  The
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T h e  d i n u c l e a r  c o p p e r ( I I )  c o m p l e x  o f  9j2 h a s  a l s o  b e e n
t r a n s m e t a l l a t i o n  o f  c o m p l e x  j>2 h a s  a l s o  b e e n  s u c c e s s f u l l y  
u t i l i z e d  f o r  i r o n ( I I ) ,  c o b a l t ( I I ) ,  c o b a l t ( I I I ) ,  a n d  
n i c k e l ( I I ) .  On t h e  b a s i s  o f  p r e l i m i n a r y  X - r a y  d a t a ,  a l l  o f  
t h e s e  c o m p l e x e s  a r e  b e l i e v e d  t o  be  o c t a h e d r a l ,  t h e  n i t r o g e n
C o m p l e x  9 £  h a s  b e e n  o b t a i n e d  b y  t h e  s o d i u m  b o r o h y d r i d e  
r e d u c t i o n  o f  93_, w h e r e a s  i s  f o r m e d  by  N - m e t h y l a t i o n  o f  
l i g a n d  94_. C o p p e r  ( I )  c o m p l e x e s  o f  94_ a n d  Si5 r a p i d l y  
a b s o r b s  d i o x y g e n  i n  e q u i m o l a r  a m o u n t s ;  t h e  l i g a n d  t h e n  
u n d e r g o e s  a  s l o w e r  a n a e r o b i c  o x i d a t i v e  d e h y d r o g e n a t i o n  t o  
r e g e n e r a t e  t h e  c o p p e r ( I )  c e n t e r s  s o  t h a t  t h e  c y c l e  may be 
r e p e a t e d  a t  l e a s t  o n c e  a g a i n ,  a l t h o u g h  m ore  s l o w l y .
E v i d e n c e  i n d i c a t e s  t h a t  t h e  - C H ^ -N H -  b o n d  i s  i n i t i a l l y  
o x i d i z e d  t o  t h e  i m i n e ,  t h e n  t h e  s e c o n d ,  s l o w e r  d e h y d r o ­
g e n a t i o n  i s  b e l i e v e d  t o  be  t h a t  o f  w h i c h  h a s  a
h i g h e r  a c t i v a t i o n  e n e r g y  f o r  d e h y d r o g e n a t i o n  t h a n  d o  t h e  
-C H 2~NH- g r o u p s .  A t t e m p t s  t o  i s o l a t e  p u r e  s a m p l e s  o f  t h e  
o x i d i z e d  c o m p l e x  h a v e  p r o v e n  f r u i t l e s s . ® ®
a t o m s  b e i n g  c o o r d i n a t e d  t o  t h e  m e t a l  io n .® ®
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B. S y n t h e s i s  b y  C o n d e n s a t i o n  o f  a  D i a c i d  H a l i d e  w i t h  a 
D i a m i n o e t h e r
A n o t h e r  m e t h o d  e m p l o y e d  f o r  t h e  s y n t h e s i s  o f  t h e s e  
t y p e s  o f  m a c r o c y c l e s  i n v o l v e s  t h e  r e a c t i o n  o f  a  b i s - a c i d  
c h l o r i d e  w i t h  a  d i a m i n o e t h e r .  W e b e r  a n d  V f l g t l e  h a v e  
r e p o r t e d  t h e  s y n t h e s i s  o f  a  s e r i e s  o f  t h e s e  m a c r o c y c l e s  a n d  
t h e i r  c o m p l e x e s .  The f i r s t  e x a m p l e s  i n c l u d e d  l i g a n d s  9 6 -  
101.100 wh i c h  w e r e  o b t a i n e d  i n  y i e l d s  v a r y i n g  f r o m  3% t o  
61%; n o  m e t a l  c o m p l e x e s  h a v e  a s  y e t  b e e n  r e p o r t e d  f o r  t h e s e
l a c t a m - t y p e  m a c r o c y c l e s . 0 6 / 1 0 0
I n  1 9 7 8 ,  V f l g t l e  e t  al^.  r e p o r t e d  t h e  s y n t h e s i s  o f  a  
d i f f e r e n t  s e r i e s  o f  l a c t a m s ,  w h i c h  w e r e  a c h i e v e d  b y  t h e  
t r e a t m e n t  o f  2 , 6 - b i s ( a m i n o m e t h y l J p y r i d i n e  w i t h  v a r i o u s
98  n=3 100 101
1 02 103 104
p o l y e t h e r - b i s - a c i d  c h l o r i d e s . 8 8  Among t h e  c o r o n a n d s  
r e p o r t e d  w e r e  l i g a n d s  102 a n d  1 0 3 ; t o  d a t e ,  o n l y  t h e  
m a g n e s i u m  c o m p l e x  o f  l i g a n d  103 h a s  b e e n  p r e p a r e d .
A s l i g h t  m o d i f i c a t i o n  o f  r e a c t a n t s  h a s  l e d  t o  t h e  
s y n t h e s i s  o f  l i g a n d  1 0 4 . I n  t h i s  c a s e ,  2 , 6 - b i s ( a m i n o -  
m e t h y l ) p y r i d i n e  w as  t r e a t e d  w i t h  b i s ( c h l o r o f o r m y l ) d i e t h y l -  
e n e g l y c o l  e t h e r  t o  a f f o r d  104 ( 6 6 % ) ;  t o  d a t e ,  t h e r e  h a v e  
b e e n  no  c o m p l e x e s  r e p o r t e d  f o r  t h i s  l i g a n d . 181
T h i s  c l a s s  o f  m a c r o c y c l e s  h a s  r e c e n t l y  b e e n  e x p a n d e d  
t o  i n c l u d e  2 , 2 ' - d i p y r i d i n e  s u b u n i t s  w i t h i n  t h e  m a c r o c y c l i c  
f r a m e w o r k .  V f t g t l e  et^ <stl. h a v e  s y n t h e s i z e d  105  (59%) a n d  
106 ( 2 4 % ) ;  a g a i n ,  no  c o m p l e x e s  o f  t h e s e  tw o  l i g a n d s  h a v e  
b e e n  r e p o r t e d .
T h i s  d i s c u s s i o n  h a s  c o v e r e d  a l l  t h e  c o r o n a n d s  
s y n t h e s i z e d  t o  d a t e  w h i c h  c o n t a i n  n i t r o g e n  a n d  o x y g e n  
h e t e r o a t o m s  i n  t h e  m a c r o c y c l i c  f r a m e w o r k .  I t  h a s  a l s o  
i n c l u d e d  a  d i s c u s s i o n  o f  a n y  c o m p l e x e s  w h i c h  may h a v e  b e e n  
r e p o r t e d .  Much o f  t h e  w o r k  h a s  b e e n  c e n t e r e d  a b o u t  tw o  
s y n t h e t i c  s t r a t e g i e s ;  t h e  a m i d e  r e d u c t i o n  a n d  t h e  f o r m a t i o n  
o f  S c h i f f ' s  b a s e s .  I n  a d d i t i o n ,  m o s t  o f  t h e  c o m p l e x e s  
f o r m e d  h a v e  b e e n  w i t h  S c h i f f ' s  b a s e s  i n v o l v i n g  t r a n s i t i o n
m e t a l s  o r  w i t h  t h e  a m i d e  t y p e  m a c r o c y c l e s  u t i l i z i n g  a l k a l i  
m e t a l s  o r  t h e  a l k a l i n e  e a r t h  m e t a l s .  T h e r e f o r e ,  i t  i s  m o re  
t h a n  e v i d e n t  f r o m  t h e  i n f o r m a t i o n  p r e s e n t e d  h e r e i n  t h a t  
m uch  w o r k  r e m a i n s  t o  b e  d o n e  on  d e t e r m i n i n g  t h e  g e n e r a l  
s t r u c t u r e  o f  t h e s e  c o m p o u n d s  a l o n g  w i t h  s t u d y i n g  t h e i r  
c o m p l e x a t i o n  p r o p e r t i e s .
I V .  C r y p t a n d s
A .  B i s - t r i p o d a l  M a c r o b i c y c l e s
I n  1968  , S im m ons  a n d  P a r k ^ 0 2  r e p o r t e d  t h e
s y n t h e s i s  o f  t h e  f i r s t  b i s - t r i p o d a l  c r y p t a n d s .  T h e s e  
d i a z a c y c l o a l k a n e s  ( 1 0 7 ) ,  p r e p a r e d  b y  t h e  p r o c e d u r e  o f
d i a z a c y c l o a l k a n e  c r y p t a n d s  ( 1 0 8 ) b y  a n  e x t e n s i o n  o f  t h e  
s a m e  p r o c e d u r e .  The  y i e l d s  o f  108  d e p e n d  o n  t h e  n u m b e r  o f  
m e t h y l e n e  u n i t s  i n  t h e  b r i d g e s :  when  x ,  y ,  a n d  z a r e  e q u a l
t o  s e v e n  t h e  y i e l d  i s  20%; h o w e v e r ,  when x ,  y ,  a n d  z a r e  
e q u a l  t o  e i g h t  t h e  y i e l d  i s  75%. S im m ons  a n d  P a r k  a l s o  
d i s c u s s  t h e  i n - o u t  i s o m e r i z a t i o n  a n d  t h e  e n c a p s u l a t i o n  o f
am m onium  i o n s  by  t h e s e  c o m p o u n d s ,  a s  e v i d e n c e d  b y  p r o t o n  
NMR s p e c t r o s c o p y  m e a s u r e m e n t s .  T h e s e  c o m p o u n d s  h a v e  b e e n  
s h o w n  a l s o  t o  f o r m  i n c l u s i o n  c o m p l e x e s  w i t h  h a l i d e  i o n s .  
D e t e r m i n a t i o n  o f  t h e  c r y s t a l  s t r u c t u r e  o f  1 0 8  f o r  x ,  y ,  a n d  
z e q u a l  t o  n i n e  p r o v e s  t h a t  t h e  c h l o r i d e  a n i o n  i s  h e l d
S t e t t e r  a n d  M a r x , ^03  w e r e  s u b s e q u e n t l y  c o n v e r t e d  t o  t h e
0 .
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w i t h i n  t h e  i n t r a m o l e c u l a r  c a v i t y  o f  t h e  d i p r o t o n a t e d  
d i a m i n e . ^ 4
D i e t r i c h  e t  a l .  , ^ 5  wi t h  t h e  e x p r e s s e d  p u r p o s e  o f  
c o m p l e x i n g  d i v e r s e  m e t a l  c a t i o n s ,  d e c i d e d  t o  i n c o r p o r a t e  
s e v e r a l  h e t e r o a t o m s  i n  a  m a c r o b i c y c l i c  s y s t e m  a n a l a g o u s  t o  
t h a t  o f  S im m o n s  a n d  P a r k .  U t i l i z i n g  e s s e n t i a l l y  t h e  same 
p r o c e d u r e ,  L e h n  r e p o r t e d  t h e  c o n d e n s a t i o n  o f  b i s - a m i n o e t h e r
N ^ V ^ V tV lH j
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( 1 0 9 ) w i t h  b i s - a c i d  c h l o r i d e  ( 1 1 0 ) t o  a f f o r d  c o r o n a n d  111 
a s  t h e  m a j o r  p r o d u c t .  R e d u c t i o n  o f  t h e  c o r o n a n d  f o l l o w e d  
b y  c o n d e n s a t i o n  w i t h  a n o t h e r  e q u i v a l e n t  o f  t h e  b i s - a c i d  
c h l o r i d e  a n d  s u b s e q u e n t  r e d u c t i o n  r e s u l t e d  i n  t h e  f o r m a t i o n  
o f  t h e  c r y p t a n d s  1 1 4 a - f . V a r i a t i o n  o f  t h e  l e n g t h  o f  t h e  
g l y c o l  u n i t s ,  a l l o w s  r e g u l a t i o n  o f  t h e  s i z e  o f  t h e  
m a c r o b i c y c l e s ,  t h e r e b y  a l t e r i n g  t h e i r  c o m p l e x a t i o n  
p r o p e r t i e s .
T h e s e  c o m p o u n d s  d o  i n d e e d  f o r m  i n c l u s i o n  c o m p l e x e s  
w i t h  m e t a l  c a t i o n s .  B e c a u s e  t h e  c a t i o n  i s  c o m p l e t e l y  
e n c a p s u l a t e d  b y  t h e  m a c r o c y c l e ,  i n  a  s o r t  o f  m o l e c u l a r  
v a u l t  o r  c r y p t ,  t h e  t e r m  c r y p t a n d  h a s  b e e n  c o i n e d  f o r  t h e s e  
s y s t e m s .  (T h e  c r y p t a n d  n o m e n c l a t u r e ,  [ 2 . 2 . 2 ] ,  was  p r o p o s e d  
b y  L e h n  a n d  i s  c o m m o n ly  a c c e p t e d ;  t h e  t h r e e  n u m e r a l s  
i n d i c a t e  t h e  n u m b e r  o f  h e t e r o a t o m s  i n  t h e  t h r e e  b r i d g i n g  
s u b u n i t s  b e t w e e n  t h e  n i t r o g e n  b r i d g e h e a d  a t o m s . )  The 
m e t a l - l i g a n d  c o m p l e x  i s  r e f e r r e d  t o  a s  a  c r y p t a t e .
T a b l e  I . C o m p l e x a t i o n  S t a b i l i t y  B a s e d  o n  T h e  S i z e  
R e l a t i o n s h i p  B e t w e e n  t h e  C a t i o n  a n d  C r y p t a n d
tog K with cation
Ligand Solvent Li+ Ha+ K+ Rb+ Co+ Hg++ Ca++ Sr++ 8a++
E2.1.11(0.8) M 5.5 3.2 <2.0 <2.0 <2.0 2 • 5+0•3 2.5 <2.0 <2.0
[2.2.11(1.15) H 2.50 S.4 3.95 2.55 <2.0 <2.0 6.95 7.35 6.30
[2.2,2](1.4) W <2.0 3.9 5.4 4.35 <2.0 <2.0 4.4 8.0 9.5
(3.2.21(1.8) W <2.0 1.65 2.2 2.05 2.0 <2.0 t.2.0 3.4 6.0
[3.3.2](2.1) M <2.0 <2.0 <2.0 <0.7 <2.0 <2.0 %2.0 *1,2.0 3.65
[3.3.3] (2.4) M <2.0 <2.0 <2.0 <0.5 <2.0 <2.0 <2.0 <2.0 -----
Ionic Radius (A)------- —1.86 1.12 1.44 1.58 1.84 0.87 1.18 1.32 1.49
I n  g e n e r a l  t h e  c o m p l e x  a c h i e v e s  maximum s t a b i l i t y  when 
t h e  c a t i o n  d i a m e t e r  i s  a p p r o x i m a t e l y  t h e  sam e  a s  t h e  l i g a n d  
c a v i t y  d i a m e t e r .  T h i s  h a s  b e e n  c l e a r l y  d e m o n s t r a t e d  b y  t h e  
s t a b i l i t y  s e q u e n c e  o f  t h e  a l k a l i  a n d  a l k a l i n e  e a r t h  
c o m p l e x e s  o f  c o m p o u n d s  1 1 4 a - f , a s  s h o w n  i n  T a b l e  I . 106 
T he  l a r g e r  m a c r o c y c l e s  show  l e s s  p r o n o u n c e d  s e l e c t i v i t i e s , 
m o s t  p r o b a b l y  d u e  t o  a n  i n c r e a s e  i n  l i g a n d  f l e x i b i l i t y .
A c o m p l e t e  d i s c u s s i o n  o f  t h e s e  c r y p t a n d s ^ ^  an ( j  t h e i r  
c r y p t a t e s ^ O S  h a s  b e e n  p u b l i s h e d .
A l t h o u g h  a c y c l i c  p o l y e t h e r s  w i l l  b i n d  c a t i o n s ,  t h e  
c y c l i c  p o l y e t h e r s  f o r m  much m ore  s t a b l e  c o m p l e x e s  ( F i g u r e
I ) .  T h i s  p h e n o m e n o n  i s  known a s  t h e  m a c r o c y c l i c  
e f f e c t , H O  a n d  t h e  c r y p t a t e s  e x h i b i t  a  s i m i l a r ,  b u t  
m uch  l a r g e r ,  e f f e c t .  The  p o t a s s i u m  c o m p l e x  o f  c r y p t a n d
[ 2 . 2 . 2 ]  i s  m o r e  s t a b l e  b y  a  f a c t o r  o f  1 0^  t h a n  t h e  
p o t a s s i u m  c o m p l e x  o f  i t s  c o r o n a n d  a n a l o g u e .  T h i s  c r y p t a t e  
e f f e c t  i s  g e n e r a l l y  c h a r a c t e r i z e d  b y  h i g h  c o m p l e x  
s t a b i l i t y ,  h i g h  c o m p l e x  s e l e c t i v i t y ,  a n d  s h i e l d i n g  o f  t h e  
c o m p l e x e d  c a t i o n  f r o m  t h e  e n v i r o n m e n t .  T h e s e  f a c t o r s  a r e  
a s c r i b e d  t o  t h e  c o m p l e t e  s e q u e s t r a t i o n  o f  t h e  c a t i o n  i n s i d e  
t h e  m a c r o c y c l i c  c a v i t y .  B o t h  t h e  m a c r o b i c y c l i c  a n d  
m a c r o c y c l i c  e f f e c t s  a r e  e n t h a l p i c  i n  o r i g i n ,  a n d  r e s u l t  
f r o m  t h e  s t r o n g  i n t e r a c t i o n  o f  t h e  c a t i o n  w i t h  a  w e a k l y  
s o l v a t e d  p o l y d e n t a t e  m a c r o c y c l i c  s t r u c t u r e .  I n  c o n t r a s t ,  
t h e  c h e l a t e  e f f e c t  o f  a c y c l i c  s y s t e m s  i s  d u e  t o  a  s t r o n g  
p o s i t i v e  e n t r o p y  o f  c o m p l e x a t i o n . ^ 1
M a c r o c y c l i c  E f f e c t C r y p t a t e  E f f e c t
C j  0 —  2 . 2  — rj N - ^ o - ^ 0 -  4 8
X j J  A J
ACq qJ 6.1 N ^ O ^ -O ^ N  9 7 5
L A J
A  3 . 7  A  4 . 9 5
F i g u r e  1 . The  m a c r o c y c l i c  a n d  c r y p t a t e  e f f e c t s  ( a ) 
o n  c o m p l e x  s t a b i l i t y ;  t h e  v a l u e s  g i v e n  a r e  t h e  
s t a b i l i t y  c o n s t a n t s ,  l o g  Ks  o f  t h e  K+ c o m p l e x .
L e h n  e t  a l . J ' 2 i n  1 9 7 0 ,  a l s o  r e p o r t e d  t h e  
a n a l o g o u s  s e r i e s  o f  c r y p t a n d s  i n  w h i c h  some o f  t h e  o x y g e n  
a t o m s  w e r e  r e p l a c e d  b y  s u l f u r  a t o m s .  The  sam e  s y n t h e t i c  
s c h e m e  w as  f o l l o w e d :  s t a r t i n g  w i t h  t h e  d e s i r e d  d i o x a -  o r
d i t h i a d i a m i n e  o r  d i c a r b o x c y l i c  a c i d  d i c h l o r i d e ,  t h e  
m a c r o c y c l i c  d i a m i n e s  ( 1 1 5 - 1 1 7 ) w e r e  o b t a i n e d  i n  75%, 55%, 
a n d  45% y i e l d ,  r e s p e c t i v e l y .  R e p e a t i n g  t h e  s e q u e n c e  o f  
c o n d e n s a t i o n  a n d  r e d u c t i o n  o n c e  a g a i n  r e s u l t e d  i n  t h e  
f o r m a t i o n  o f  t h e  m a c r o b i c y c l i c  d i a m i n e s  1 1 8 - 1 2 0 .
l ~ ' Yv v ' 0
111 X=Y=0 H I  X=Oj Y=S (25%)
116 X=0;Y=S 119 X=S; Y=0 (20%)
117 X=Y=S 120 X=Y=S (7%)
T h e s e  c o m p o u n d s  ( 1 1 8 - 1 2 0 ) f o r m  v a r i o u s  m e t a l  c o m p l e x e s  
w h i c h  a r e  s i m i l a r  t o  t h o s e  o f  t h e i r  o x y g e n  r e l a t i v e s .  The 
e a s e  o f  c o m p l e x a t i o n  w i t h  p o t a s s i u m ,  b a r i u m ,  s i l v e r ( I ) ,  
t h a l l i u m ( I ) ,  l i t h i u m ,  s o d i u m ,  l e a d ( I I ) ,  a n d  r u b i d i u m  
d e c r e a s e s  i n  t h e  o r d e r  118 > 119 > 1 2 0 . O n l y  a  f e w  
c o m p l e x e s  o f  119  a n d  120 h a v e  b e e n  o b t a i n e d .
G e n e r a l l y ,  m a c r o c y c l i c  a n d  m a c r o b i c y c l i c  l i g a n d s  f o r m  
m o r e  s t a b l e  c o m p l e x e s  w i t h  t h e  a l k a l i n e  e a r t h  c a t i o n s  t h a n  
w i t h  a l k a l i  c a t i o n s  o f  a b o u t  t h e  sam e  d i a m e t e r .  The  r a t i o  
o f  s e l e c t i v i t i e s  f o r  a l k a l i  v e r s u s  a l k a l i n e  e a r t h  c a t i o n s  
[ M ( I ) / M ( I I ) ]  c a n  be r e g u l a t e d  b y  a l t e r i n g  l i g a n d  t h i c k n e s s  
a n d  l i p o p h i l i c i t y  o r  b y  c h a n g i n g  t h e  n u m b e r  o f  c o o r d i n a t i o n  
s i t e s  w h i l e  m a i n t a i n i n g  t h e  c a v i t y  s i z e . 1 1 3 * 1 1 4
r w \
NMe N ^ ' O ' ^ ' O ' ^ N N-— o - n -O '— NMeN
Me
r ^ V i  “ J *  - f ,
Ma
125 126
I t  i s  e x p e c t e d  t h a t  a n  i n c r e a s e  i n  t h e  t h i c k n e s s  o f  
t h e  o r g a n i c  l a y e r ,  w h i c h  s e p a r a t e s  t h e  c o m p l e x e d  c a t i o n  
f r o m  t h e  s o l v e n t ,  w i l l  d e c r e a s e  t h e  i n t e r a c t i o n  b e t w e e n  t h e  
t w o  m o i e t i e s ,  t h e r e b y  d e s t a b i l i z i n g  t h e  c o m p l e x .  T h i s  
e f f e c t  h a s  b e e n  s h o w n  t o  be  much l a r g e r  f o r  t h e  d i v a l e n t  
c a t i o n s  t h a n  f o r  t h e  m o n o v a l e n t  c a t i o n s .  To t h i s  e n d ,  L e h n  
a n d  c o w o r k e r s ^ S  h a v e  s y n t h e s i z e d  l i g a n d s  121 - 123 b y  
t h e  p r e v i o u s l y  d e s c r i b e d  c o n d e n s a t i o n  a n d  r e d u c t i o n  
s e q u e n c e .  I n  p r a c t i c e ,  t h e  s t a b i l i t y  c o n s t a n t s  o f  t h e  
i n c l u s i o n  c o m p l e x e s  f o r m e d  b y  1 2 1 - 125 a r e  m e a s u r e d  a n d  
c o m p a r e d  t o  t h a t  o f  n o n a c t i n  ( 1 2 6 ) ,  a  n a t u r a l  m a c r o l i d e  
a n t i b i o t i c  ( T a b l e  I I ) .  T h e  d a t a  i n d i c a t e  t h a t  i n c o r p o r ­
a t i o n  o f  a  b e n z o  g r o u p  i n  l i g a n d  123 ( t o  f o r m  a n  a n a l o g u e  
o f  l i g a n d  1 2 1 ) d o e s  n o t  a p p r e c i a b l y  a f f e c t  t h e  b a r i u m  t o  
p o t a s s i u m  s e l e c t i v i t y  r a t i o .  H o w e v e r ,  t h e  i n c o r p o r a t i o n  o f  
tw o  b e n z o  g r o u p s  i n t o  t h e  l i g a n d  s t r u c t u r e  a s  i n  122 
g r e a t l y  r e d u c e s  t h e  c o m p l e x  s t a b i l i t y  o f  b a r i u m :  t h e
b a r i u m / p o t a s s i u m  r a t i o  b e c o m e s  a p p r o x i m a t e l y  o n e .  When tw o  
o f  t h e  o x y g e n  a t o m s  i n  123 a r e  r e p l a c e d  b y  m e t h y l e n e
g r o u p s  t o  a f f o r d  1 2 4 , t h e  s e l e c t i v i t y  o f  p o t a s s i u m  o v e r  
b a r i u m  e x c e e d s  t h a t  o f  n o n a c t i n . 1 ^ 4
T a b l e  I I . S t a b i l i t y  c o n s t a n t s ,  l o g  Ks , o f  1 2 1 - 1 2 5 .
^'“'■^Ligand
Cation^^^v^ 121 122 123 124 125 126(nonactin)
Na + 7.40 7.30 6.95 3.0 3.26 2.40
9.05 8.60 9.45 4.35 4.38 3.60
Ba ++ 11.05 8.50 11.S <2.0 6.67 1.70
Ba++/K+ 100 1 110 1/>200 200 1/80
A c h a n g e  i n  t h e  n a t u r e  o f  t h e  h e t e r o a t o m s  i n  
m a c r o c y c l i c  a n d  m a c r o b i c y c l i c  l i g a n d s  a l s o  g r e a t l y  
i n f l u e n c e s  t h e  c o m p l e x a t i o n  s e l e c t i v i t i e s .  T h e  r e l a t i v e l y  
h a r d ,  p o l a r  o x y g e n  a t o m s  c o m p l e x  s t r o n g l y  w i t h  t h e  h a r d  
a l k a l i  a n d  a l k a l i n e  e a r t h  c a t i o n s ;  t h e  s o f t e r  s u l f u r  a n d  
n i t r o g e n  a t o m s  p r e f e r  t h e  s o f t e r  t r a n s i t i o n  m e t a l  c a t i o n s  
a n d  h e a v y  m e t a l  c a t i o n s .  The  u l t i m a t e  g o a l  o f  t h e s e  
a l t e r a t i o n s  i s  t h e  s e l e c t i v e  c o m p l e x a t i o n  o f  t h e  v e r y  t o x i c  
h e a v y  m e t a l  c a t i o n s  s u c h  a s  t h a l l i u m ,  c a d m i u m ,  m e r c u r y ,  a n d  
l e a d  w i t h  m i n i m a l  e f f e c t  o n  t h e  b i o l o g i c a l l y  i m p o r t a n t  
m e t a l  i o n s  s u c h  a s  s o d i u m ,  p o t a s s i u m ,  m a g n e s i u m ,  c a l c i u m ,  
a n d  z i n c .  T h i s  w o u l d  a l l o w  c o n t r o l  o f  t o x i c  h e a v y  m e t a l s  
i n  o r g a n i s m s  a n d  t h e  e n v i r o n m e n t .  C r y p t a n d  [ 2 . 2 . 2 ]  h a s  
a l r e a d y  b e e n  e m p l o y e d  f o r  t h e  r e m o v a l  o f  r a d i o a c t i v e  
s t r o n t i u m  a n d  r a d i u m  f r o m  c o n t a m i n a t e d  r a t s , ^ ®  a n d  h a s  
a l s o  b e e n  s h o w n  t o  be e f f e c t i v e  f o r  t h e  r e m o v a l  o f
l e a d .
L e h n  a n d  M o n t a v o n ^ 18 h a v e  d e s c r i b e d  t h e  s y n t h e s i s  
a n d  p r o p e r t i e s  o f  t h e s e  " s o f t e r "  c r y p t a n d s .  The  sam e  
g e n e r a l  p r o c e d u r e  w as  e m p l o y e d ,  n e c e s s i t a t i n g  t h e  
p r o t e c t i o n  o f  t h e  a m i n e  f u n c t i o n s  i n  t h e  b r i d g i n g  u n i t s  b y  
a  g r o u p  w h i c h  w as  r e s i s t a n t  t o  t h e  c o n d e n s a t i o n  a n d  
r e d u c t i o n  c o n d i t i o n s  u s u a l l y  m a i n t a i n e d ,  y e t  w h i c h  c o u l d  be  
e a s i l y  r e m o v e d  w i t h o u t  i n t r o d u c i n g  a  c a t i o n  c a p a b l e  o f  
f o r m i n g  a  s t a b l e  c o m p l e x  w i t h  t h e  r e s u l t a n t  c r y p t a n d .
A f t e r  s e v e r a l  a t t e m p t s  t h e  £ - t o l u e n e s u l f o n y l  g r o u p  was  
f i n a l l y  s e l e c t e d  a s  t h e  a p p r o p r i a t e  p r o t e c t i n g  g r o u p  f o r  
t h e  n i t r o g e n  a t o m s .  C r y p t a n d s  1 3 4 , 1 3 7 , 1 4 0 , a n d  145 w e r e  
i s o l a t e d  i n  a c c e p t a b l e  y i e l d s  ( s e e  S c h e m e s  I I ,  I I I ,  a n d  
I V ) .
S t u d i e s  i n d i c a t e  t h a t  t h e  s t a b i l i t y  o f  t h e  c o m p l e x e s  
o f  1 3 4 , 1 3 7 , 1 4 0 , a n d  145 i s  i n f l u e n c e d  b y  t h e  n u m b e r  o f  
n i t r o g e n  s i t e s  a n d  t h e  s i z e  o f  t h e  c a v i t y .  L i g a n d  1 4 0 , t h e  
s m a l l e s t  o n e  s t u d i e d ,  f o r m s  t h e  m o s t  s t a b l e  c o m p l e x e s  w i t h  
t h e  c o m p a r a b l y  s m a l l  c o b a l t ( I I ) ,  n i c k e l ( I I ) ,  c o p p e r ( I I ) ,  
a n d  z i n c ( I I )  c a t i o n s .  L i g a n d s  1 3 4 ,  1 3 7 ,  a n d  145 f o r m  m o re  
s t a b l e  c o m p l e x e s  w i t h  l e a d ( I I )  t h a n  w i t h  c a d m i u m ( I I ) ;  t h e y  
a l s o  h a v e  a  much l a r g e r  c a d m i u m ( I I ) / z i n c { I I ) s e l e c t i v i t y  
r a t i o  t h a n  1 4 0 . T h e s e  r e s u l t s  a r e  a t t r i b u t e d  m a i n l y  t o  t h e  
s i z e  r e l a t i o n s h i p .  T h e  e f f e c t s  o f  a l t e r i n g  t h e  n u m b e r  o f  
n i t r o g e n  s i t e s  c a n  be  s e e n  b y  c o m p a r i n g  t h e  r a t i o  o f  
t h a l l i u m  t o  p o t a s s i u m  s e l e c t i v i t i e s  f o r  l i g a n d s  1 1 4 c  a n d
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1 3 7 ; t h e y  d i f f e r  b y  a  f a c t o r  o f  a p p r o x i m a t e l y  8 0 ,  137  
e x h i b i t i n g  t h e  l a r g e s t  t h a l l i u m / p o t a s s i u m  r a t i o .
L i g a n d s  137 a n d  145  a l s o  show  t h e  h i g h e s t  o b s e r v e d  
s e l e c t i v i t i e s  f o r  c a d m i u m ( I I )  o v e r  z i n c ( I I )  a n d  v e r y  h i g h  
s e l e c t i v i t i e s  f o r  cadm ium (X X )  o v e r  c a l c i u m ( I I ) .  Due t o  t h e  
p r e s e n c e  o f  t h e  s o f t e r  n i t r o g e n  a t o m s ,  137  a n d  145 f o r m  
v e r y  s t r o n g  c o m p l e x e s  w i t h  c a d m i u m ( I I ) ,  m e r c u r y ( I I ) ,  a n d  
l e a d ( I I )  a n d  much w e a k e r  c o m p l e x e s  w i t h  t h e  b i o l o g i c a l l y  
i m p o r t a n t  s o d i u m ,  p o t a s s i u m ,  m a g n e s i u m ,  c a l c i u m ,  a n d  
z i n c ( I I )  c a t i o n s .
L e h n  e t  a l ^ . , i n  1 9 7 7 ,  e x t e n d e d  t h e  b i s - t r i p o d a l  
c r y p t a n d  s y s t e m  b y  i n c o r p o r a t i n g  tw o  N(CH CH NH ) u n i t s
A b 4 0
i n t o  t h e  m a c r o b i c y c l i c  f r a m e w o r k  a n d  b r i d g i n g  t h e m  w i t h
CH CH OCH CH u n i t s  a s  i n  150 ( S c h e m e  V ) . ^ 0  B i n u c l e a r  
2 2 2 2 = r
c o m p l e x e s  o f  151 h a v e  b e e n  r e p o r t e d  f o r  z i n c ( I I ) ,  
c o p p e r ( I I ) ,  c o b a l t ( I I ) ,  s i l v e r ( I ) ,  a n d  n i c k e l ( I I ) ,  a l t h o u g h  
n o  c r y s t a l  s t r u c t u r e s  h a v e  y e t  b e e n  d e t e r m i n e d . 89 
S t u d i e s  i n d i c a t e  t h a t  w hen  s o d i u m  a z i d e  i s  a d d e d  t o  a n  
a q u e o u s  s o l u t i o n  o f  c r y p t a n d  151 a t  pH 5 a  1 : 1  c o m p l e x  
( 1 5 2 ,  w h e r e  Z=H) r e s u l t s .  I t  h a s  b e e n  p r o p o s e d  t h a t  a z i d e
r W i r * n h  nC £ 1
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i o n  i s  b o u n d  w i t h i n  t h e  c a v i t y  b y  s i x  h y d r o g e n  b o n d s ,  w i t h  
t h r e e  o f  t h e m  s u r r o u n d i n g  e a c h  t e r m i n a l  n i t r o g e n  a t o m  o f  
t h e  a z i d e  a n i o n d 2 ^
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V d i g t l e  e t  a l .  h a s  a l s o  r e p o r t e d  t h e  s y n t h e s i s  o f  a  
s e r i e s  o f  c r y p t a n d s  a n d  c a t a p i n a n d s ,  1 5 3 - 1 5 5 ,  w h i c h  c o n t a i n  
a r o m a t i c  r i n g s  i n  t h e i r  b r i d g i n g  u n i t s .  T h e s e  t y p e s  o f  
m a c r o p o l y c y c l i c  s y s t e m s  may e x h i b i t  e n d o l i p o p h i l i c - e x o -
151 152
l i p o p h i l i c  p r o p e r t i e s  i n d i c a t i n g  t h a t  t h e s e  c o m p o u n d s  may 
be  u s e f u l  a s  m e m b r a n e  t r a n s p o r t  m o d e l  s y s t e m s .  The  
s y n t h e t i c  p r o c e d u r e  u t i l i z e d  was  s i m i l a r  t o  t h a t  o f  L e h n  i n  
t h a t  i t  i n v o l v e d  t h e  h i g h  d i l u t i o n  c o n d e n s a t i o n  o f  a  
b i s - a c i d  c h l o r i d e  w i t h  a  d i a m i n e  t o  a f f o r d  a  d i a m i d e  w h i c h  
w a s  s u b s e q u e n t l y  r e d u c e d .  R e p e t i t i o n  o f  t h e  s e q u e n c e  
r e s u l t e d  i n  t h e  f o r m a t i o n  o f  t h e  d e s i r e d  c r y p t a n d s  
1 5 3 - 1 5 5 1^ 2 i n  5%, 6 0 - 7 0 % ,  a n d  41% y i e l d s ,  r e s p e c t i v e l y .  
C om pound  155 w a s  N - a l k y l a t e d  w i t h  " M a g i c  M e t h y l "  t o  a f f o r d  
t h e  b i s - q u a t e r n a r y  am monium s a l t .  P r o t o n  NMR s p e c t r o s c o p y
n m
o
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s t u d i e s  i n d i c a t e d  t h a t  t h e  c o u n t e r i o n s  o f  t h e  b i s -am m onium  
s a l t  o f  155 a r e  i n c l u d e d  w i t h i n  t h e  c a v i t y  o f  t h e
Few o f  t h e  c r y p t a n d s  w h i c h  h a v e  b e e n  s y n t h e s i z e d  
c o n t a i n  t h e  p y r i d i n o  s u b u n i t ,  n o t a b l e  e x c e p t i o n s  b e i n g  
1 5 6 , 1 5 7 , 1 5 9 , a n d  1 6 0 . R e p o r t e d  b y  V f i g t l e  a n d  W e h n e r  i n  
1 9 7 6 ,  t h e s e  c r y p t a n d s  w e r e  s y n t h e s i z e d  b y  t h e  c o n d e n s a t i o n  
o f  2 , 6 - b i s ( c h l o r o f o r m y l ) p y r i d i n e  w i t h  t h e  a p p r o p r i a t e  
d i a m i n o  c r o w n  e t h e r  m a c r o c y c l e . ^ 24 c o m p o u n d  160  w as  
t h e  o n l y  a m i d e  r e d u c e d  w i t h  d i b o r a n e  t o  a f f o r d  t h e  
d i a m i n o  l i g a n d  { 1 5 7 ) .  The  o n l y  d i m e r i c  l i g a n d  ( 1 6 2 ) 
i s o l a t e d  w as  t h e  b e n z o - s u b s t i t u t e d  t e t r a a m i d e .  L i g a n d  157 
w as  f o u n d  t o  f o r m  c o m p l e x e s  w i t h  LiClC>4 r NaSCN, a n d
c r y p t a n d . ^ 22
1 56 157 X=N (63%) 159 X=N; n=1 (29%)
158 X=CH 160 X=N; n = 2  (74%)
161 X=CH
KSCN, w h e r e a s  156  c o m p l e x e d  w i t h  o n l y  L i C l O ^ .  H o w e v e r ,  
c a t i o n  s e l e c t i v i t y  a n d  s t a b i l i t y  m e a s u r e m e n t s  w e r e  made f o r  
s e v e r a l  c a t i o n s  t h e  o r d e r  o f  s t a b i l i t y  b e i n g  a s  i n d i c a t e d  
f o r  b o t h  o f  t h e  l i g a n d s :  b a r i u m > s t r o n t i u m > c a l c i u m > s o d i u m >  
p o t a s s i u m > l i t h i u m > r u b i d i u m > c e s i u m —m a g n e s i u m  w i t h  t h e  o r d e r  
o f  s t a b i l i t y  a s  i n d i c a t e d  f o r  b o t h  o f  t h e  l i g a n d s . ^24
C C O  
€00 162 (30%)
V O g t l e  et :  a_l .  h a v e  a l s o  r e p o r t e d  t h e  s y n t h e s i s  o f  an
a n a l o g o u s  s y s t e m  ( 163 a n d  1 6 4 ) w h i c h  p o s s e s s e s  a  b i p y r i d y l
b r i d g i n g  u n i t .  The  o n l y  c o m p l e x e s  o f  163  r e p o r t e d  t h u s  f a r
a r e  o f  NaSCN,  LiCIC) , a n d  N a C l O , . 1254 4
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N
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I n  1 9 7 9 ,  W e i s s  a n d  c o w o r k e r s ^ 2 ® r e p o r t e d  t h e  
s y n t h e s i s  o f  s e v e r a l  m a c r o c y c l i c  a n d  m a c r o b i c y c l i c  l i g a n d s  
w h i c h  f o r m  b i m e t a l l i c  c o p p e r  c o m p l e x e s  a n d  w h i c h  m i m ic  some 
o f  t h e  p r o p e r t i e s  e x h i b i t e d  b y  t h e  c o p p e r  m e t a l l o p r o t e i n s .  
T h e  s y n t h e s i s  o f  165 a n d  166 i s  a c c o m p l i s h e d  b y  t h e
s t a n d a r d  c y c l i z a t i o n  p r o c e d u r e  d e v e l o p e d  b y  L e h n : 1®2 a
c o n d e n s a t i o n  a n d  r e d u c t i o n  s e q u e n c e  w h i c h  e v e n t u a l l y  l e a d s
t o  t h e  c r y p t a n d  <1 6 6 ? .  B o t h  o f  t h e s e  s y s t e m s  f o r m  1 : 2
( l i g a n d  t o  m e t a l )  c o m p l e x e s  w i t h  c o p p e r ( I )  a n d  c o p p e r ( I I )
s a l t s .  A c c o r d i n g  t o  m o l e c u l a r  m o d e l s ,  t h e  m e t a l  t o  m e t a l
d i s t a n c e s  may v a r y  f r o m  4 t o  8 A ,  d e p e n d i n g  o n  t h e
c o n f o r m a t i o n  o f  t h e  l i g a n d .  T h e r e f o r e ,  i n s e r t i o n  o f  a
s u b s t r a t e  m o l e c u l e  w h i c h  c o u l d  b r i d g e  t h e  tw o  m e t a l  a t o m s
s h o u l d  be  f e a s i b l e .  The  c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n  o f
t h e  d i c o p p e r ( I I ) c o m p l e x  o f  1 6 5  s h o w s  t h e  m e t a l - m e t a l
s e p a r a t i o n  t o  be  7 . 2 2 8 ( 1 )  A. A l s o ,  a d d i t i o n  o f  a n  a q u e o u s
s o l u t i o n  o f  s o d i u m  a z i d e  t o  a  m e t h a n o l i c  s o l u t i o n  o f  165
a n d  c o p p e r  n i t r a t e  r e s u l t e d  i n  d a r k  g r e e n  c r y s t a l s  o f  
2+[Cu (N ) c l 6 5 ] .  ( T h i s  s y m b o l i s m  w a s  p r o p o s e d  b y  
L e h n  a n d  S t u b b s 1 2 ^ w i t h  c  b e i n g  t h e  m a t h e m a t i c a l  s y m b o l  
o f  i n c l u s i o n .  T h u s ,  [ S c l ] , m e a n s  t h a t  s u b s t r a t e  S i s  
i n c l u d e d  i n  l i g a n d  L .  W e h n e r  a n d  V G g t l e 1 2 ? h a v e  a l s o  
p r o p o s e d  a  s y s t e m  o f  n o m e n c l a t u r e  f o r  s u c h  m a c r o c y c l e s  
w h i c h  d e s c r i b e s  t h e  t y p e  o f  b r i d g i n g  u n i t s  p r e s e n t .  The  
l a t t e r  m e t h o d  o f  n o m e n c l a t u r e  w i l l  be  p r e d o m i n a t e l y  
u t i l i z e d . )  The X - r a y  c r y s t a l  s t r u c t u r e  i n d i c a t e s  t h a t  t h e  
t w o  c o p p e r  a t o m s  a r e  b r i d g e d  b y  t w o  a z i d e  m o l e c u l e s  a n d  
t h a t  e a c h  c o p p e r  a t o m  i s  a l s o  b o u n d  t o  a  t h i r d  t e r m i n a l  
a z i d e  n i t r o g e n ,  tw o  s u l f u r  a t o m s ,  a n d  o n e  n i t r o g e n  a t o m  o f  
t h e  l i g a n d ,  a s  s h o w n  i n  s t r u c t u r e  1 6 7 . S u c h  s t u d i e s  o f  166  
h a v e  n o t  y e t  b e e n  p u b l i s h e d . 1 2 ®
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T h e  m a c r o b i c y c l e s  a n d  t h e i r  c o m p l e x e s  a r e  known t o
s t a b i l i z e  u n u s u a l  s p e c i e s .  The  m o s t  e x t r a o r d i n a r y  e x a m p l e
i s  t h e  i s o l a t i o n  b y  Dye e t  a l ^ . , o f  [Na+c 2 . 2 . 2 ] N a “ ,  t h e
f i r s t  s a l t  c o n t a i n i n g  a n  a l k a l i  m e t a l  a n i o n ,  a s  i n d i c a t e d
b y  X - r a y  a n a l y s i s  a n d  NMR d a t a .  The s a l t  e x i s t s  a s  g o l d
c o l o r e d ,  s h i n y  m e t a l l i c  c r y s t a l s .  T h e  e l e c t r i d e
( | [ N a + <=2. 2 . 2 ]  e - } ) a n d  [K+ = 2 . 2 . 2 ] K “  h a v e  a l s o  b e e n
o b s e r v e d .  ^28 iphe i s o l a t i o n  a n d  d e t e r m i n a t i o n  o f  t h e
c r y s t a l  s t r u c t u r e s  o f  t h e  u n s t a b l e  i o n i c  c l u s t e r s  o f  S b ^ 2 " ,
P b  2 “ , a n d  Sn 4 “  w i t h  [Na+ c 2 . 2 . 2 ]  a s  t h e  c o u n t e r i o n  
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h a v e  b e e n  a c h i e v e d . A n o t h e r  e x a m p l e  i s  t h e  
s t a b i l i z a t i o n  o f  L n ( I I I ) ,  E u ( I I I ) ,  a n d  G d ( I I I )  b y  
c o m p l e x a t i o n  w i t h  c r y p t a n d  [ 2 . 2 . 2 ] .  The  E u ( I I I )  a n d  
G d ( I I I )  c r y p t a t e s  sh o w  r e m a r k a b l e  k i n e t i c  s t a b i l i t y  i n  
a q u e o u s  s o l u t i o n  a n d  a p p e a r  t o  be t h e  f i r s t  t r u l y  
s u b s t i t u t i o n a l l y  i n e r t  l a n t h a n i d e  c o m p l e x e s . ^30  T h e s e  
l a n t h a n i d e  c o m p l e x e s  may f i n d  u s e  i n  NMR s p e c t r o s c o p y ,  
e l e c t r o c h e m i s t r y ,  s y n t h e s i s ,  a n d  m e d i c i n e .
T h e s e  h e t e r o m a c r o c y c l e s  h a v e  a l s o  p r o v e d  u s e f u l  i n  t h e  
s o l u b i l i z a t i o n  o f  s a l t s :  c o m p l e x a t i o n  o f  t h e  c a t i o n  l e a d s
t o  d i s s o c i a t i o n  o r  s e p a r a t i o n  o f  c a t i o n - a n i o n  p a i r s ,  
i n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  t h e  r e a g e n t  i n  s o l u t i o n  a n d
c o n c o m i t a n t l y  e n h a n c i n g  t h e  r e a c t i v i t y  o f  t h e  a n i o n .  T h i s  
a u g m e n t a t i o n  o f  r e a g e n t  c o n c e n t r a t i o n  c o u p l e d  w i t h  a n i o n  
a c t i v a t i o n  f r e q u e n t l y  r e s u l t s  i n  s i g n i f i c a n t  r a t e  e n h a n c e ­
m e n t ,  a s  o b s e r v e d  i n  t h e  h y d r o l y s i s  o f  h i n d e r e d  e s t e r s .
The h i g h l y  h i n d e r e d  m e t h y l  m e s i t o a t e  i s  h y d r o l y z e d  a t  ro o m  
t e m p e r a t u r e  i n  t h e  p r e s e n c e  o f  c r y p t a n d  [ 2 . 2 . 2 ]  a n d  
p o w d e r e d  p o t a s s i u m  h y d r o x i d e  s u s p e n d e d  i n  a n h y d r o u s  
b e n z e n e .  H e r e  t h e  a n i o n  i s  a c t i v a t e d  b y  c o m p l e x a t i o n  o f  t h e  
p o t a s s i u m  c a t i o n  b y  t h e  c r y p t a n d ,  r e s u l t i n g  i n  s e p a r a t i o n  
o f  t h e  i o n  p a i r .  I f  d i m e t h y l  s u l f o x i d e  i s  u s e d  a s  t h e  
s o l v e n t  i n s t e a d  o f  b e n z e n e ,  t h e  r e a c t i o n  o c c u r s  much more  
r a p i d l y . 131
C o m p l e x a t i o n  o r  c r y p t a t i o n  a l s o  a l l o w s  d e t e r m i n a t i o n  
o f  t h e  e x t e n t  o f  c a t i o n  p a r t i c i p a t i o n  i n  i o n i c  
r e a c t i o n s . 13 2 / 1 3 3  An i n c r e a s e  i n  r e a c t i o n  r a t e  u p o n  
c o m p l e x a t i o n  o f  t h e  c a t i o n  i n d i c a t e s  t h a t  t h e  c a t i o n  i s  n o t  
i m p o r t a n t  i n  t h e  m e c h a n i s m  o f  t h e  r e a c t i o n ;  r a t h e r ,  i o n  
p a i r  s e p a r a t i o n  a n d  t h e  r e s u l t i n g  a n i o n  a c t i v a t i o n  g o v e r n s  
t h e  c o u r s e  o f  t h e  r e a c t i o n .  C o n v e r s e l y ,  a  d e c r e a s e  i n  
r e a c t i o n  r a t e  u p o n  c o m p l e x a t i o n  o f  t h e  c a t i o n  i n d i c a t e s  
c a t i o n  s t a b i l i z a t i o n  o f  t h e  t r a n s i t i o n  s t a t e  o r  a t  l e a s t  
s t a b i l i z a t i o n  o f  t h e  d e v e l o p i n g  c h a r g e .  T h i s  c a n  be  s e e n  
i n  t h e  i n h i b i t i o n  o f  l i t h i u m  a l u m i n u m  h y d r i d e  r e d u c t i o n s  o f  
c a r b o n y l  c o m p o u n d s  b y  t h e  p r e s e n c e  o f  c r y p t a n d
[ 2 . 2 . 2 ] . 1 3 2  T h u s ,  t h e  h e t e r o m a c r o c y c l e s  may b e c o m e  
p o w e r f u l  t o o l s  i n  t h e  s t u d y  o f  i o n i c  m e c h a n i s m s .
B. Lateral Macrobicycles
When a  m a c r o c y c l e  i s  b r i d g e d  b y  a  c h e l a t i n g  s u b u n i t ,  
t h e  r e s u l t i n g  m a c r o b i c y c l i c  m o l e c u l e  may be a b l e  t o  f o r m  a  
b i n u c l e a r  c o m p l e x :  o n e  c a t i o n  c o m p l e x e d  by  t h e  m a c r o c y c l e
a n d  a  s e c o n d  c a t i o n  c o m p l e x e d  b y  t h e  b r i d g i n g  s u b u n i t .
S u c h  c o m p l e x e s  may be  r e f e r r e d  t o  a s  l a t e r a l  m a c r o b i c y c l i c  
d i n u c l e a r  c r y p t a t e s .  D i n u c l e a r  c o m p l e x e s  a r e  o f  p a r t i c u l a r  
i n t e r e s t  f o r :  t h e  s t u d y  o f  c a t i o n  i n t e r a c t i o n  a t  s h o r t
d i s t a n c e ;  a s  b i o - i n o r g a n i c  m o d e l s  o f  t h e  m e t a l l o p r o t e i n s  
w h e n  l a r g e r  i n t e r c a t i o n  d i s t a n c e s  p e r m i t  i n s e r t i o n  o f  a 
s u b s t r a t e  m o l e c u l e ;  a s  a  means- o f  c o m p l e x i n g  tw o  d i f f e r e n t  
c a t i o n s ,  a l l o w i n g  f o r  t h e  p o s s i b l e  s t a b i l i z a t i o n  o f  
d i f f e r e n t  o x i d a t i o n  s t a t e s ;  f o r  t h e  s e l e c t i v e  f i x a t i o n  a n d  
t r a n s p o r t  o f  s u b s t a n c e s  ( i . e . ,  g a s e s ) ;  a n d  f o r  t h e  
c a t a l y s i s  o f  m u l t i c e n t e r - m u l t i e l e c t r o n i c  p r o c e s s e s .
T h e  f i r s t  e x a m p l e  o f  t h i s  t y p e  o f  c h e l a t e - b r i d g e d  
c r y p t a n d  i s  1 6 8 , w h i c h  f o r m s  a  c r y p t a t e  c o n t a i n i n g  tw o  
c o p p e r ( I I )  i o n s .  The  r e d u c t i o n  p o t e n t i a l s  o f  t h e  t w o  i o n s  
w o u l d  be  e x p e c t e d  t o  be  v a s t l y  d i f f e r e n t ,  b e c a u s e  t h e  
c o p p e r ( I I )  c o m p l e x  o f  169  i s  r e d u c e d  a t  a  p o t e n t i a l  500  mV 
l e s s  p o s i t i v e  t h a n  t h e  c o p p e r ( I I )  c o m p l e x  o f  1 7 0 . T h i s  i s  
i n d e e d  f o u n d  t o  be  t h e  c a s e .  The  d i n u c l e a r  c o p p e r ( I I )  
c o m p l e x  o f  168  u n d e r g o e s  a  m o n o e l e c t r o n i c  r e d u c t i o n  a t  + 550  
mV. The  s e c o n d  c o p p e r ( I I )  i o n  i s  r e d u c t e d  a t  +70  mV.
y1 6 8 169 170 171
T h e r e f o r e ,  t h e  f i r s t  r e d u c t i o n  m u s t  be  t h a t  o f  t h e  
c o p p e r ( I I )  i o n  c o m p l e x e d  b y  t h e  s u b u n i t ,
r e s u l t i n g  i n  t h e  f a c i l e  f o r m a t i o n  o f  a  C u ( I ) - C u ( I I )  m i x e d  
v a l e n c e  d i n u c l e a r  c r y p t a t e  ( 1 7 1 ) .  T h i s  s y s t e m  s u g g e s t s  a t  
t h e  p o s s i b i l i t y  o f  t h e  f o r m a t i o n  o f  h e t e r o m e t a l l i c
m a c r o b i c y c l i c  m o l e c u l e  172 w h e r e  a  p o r p h y r i n  r i n g  i s  c a p p e d  
b y  a b r i d g i n g  u n i t  w h i c h  c o n t a i n s  a  p y r i d i n o  s u b u n i t .  T h i s  
m o d e l  s y s t e m  f o r  c y t o c h r o m e  c  o x i d a s e  i s  i n  f a c t  a  h e t e r o -  
b i n u c l e a r  c o m p l e x  w i t h  i r o n ( I I I )  c o m p l e x e d  t o  t h e  p o r p h y r i n  
u n i t  a n d  c o p p e r ( I I )  c o m p l e x e d  t o  t h e  l a t e r a l  p y r i d i n o  
b r i d g e .  A s e r i e s  o f  t h e s e  c o m p l e x e s  h a v e  b e e n  made w i t h  
v a r y i n g  c o u n t e r i o n s .  M f i s s b a u e r ,  ESR, a n d  m a g n e t i c  moment 
s t u d i e s  h a v e  b e e n  c o n d u c t e d  t o  d e t e r m i n e  i f  t h e r e  i s  a n y  
c o u p l i n g  b e t w e e n  t h e  tw o  c o m p l e x e d  m e t a l  a t o m s ,  a n d  t h e  
d a t a  i n d i c a t e  t h a t  e x c h a n g e  c o u p l i n g  e f f e c t s  a r e  m i n i m a l  
f o r  t h e  c o m p l e x e s  s t u d i e d . 135
d i n u c l e a r  c o m p l e x e s . 1 3 4
G u n t e r  a n d  c o w o r k e r s ! 3 5  ^ a v e  s y n t h e s i z e d  a  l a t e r a l
C. Cylindrical Macrotricycles
An e x t e n s i o n  o f  t h e s e  s y s t e m s  i s  e x e m p l i f i e d  b y  t h e  
s y n t h e s i s  o f  t h e  c y l i n d r i c a l  m a c r o t r i c y c l e s  a n d  m a c r o t e t r a -  
c y c l e s .  T he  c y l i n d r i c a l  t r i c y c l e s  a r e  f o r m e d  w hen  tw o  
m a c r o c y c l e s  a r e  b r i d g e d  b y  tw o  c h e l a t i n g  s u b u n i t s .  The  
i n t r a m o l e c u l a r  c a v i t y  o f  t h e  m e s o m o l e c u l e s  c a n  be  a l t e r e d  
b y  c h a n g i n g  t h e  s i z e  o f  t h e  b r i d g i n g  u n i t s ,  t h e r e b y  a l l o w ­
i n g  som e c o n t r o l  o v e r  t h e  c o m p l e x a t i o n  p r o p e r t i e s  o f  t h e  
l i g a n d .  The  g e n e r a l  s y n t h e t i c  p a t h w a y  i s  s h o w n  i n  S c h e m e  
y i e 136 i j he  t o s y l  g r o u p s  a r e  r e m o v e d  b y  t r e a t m e n t  o f  
186 w i t h  s o d i u m  i n  l i q u i d  a m m o n i a / e t h y l a m i n e  ( 1 : 1 )  t o  g i v e  
188  i n  70% y i e l d .  A m a c r o t e t r a c y c l i c  d i a m i d e  189 i s  f o r m e d  
w h e n  188 i s  c o n d e n s e d  u n d e r  h i g h  d i l u t i o n  c o n d i t i o n s  w i t h  
d o d e c a n d i o y l  d i c h l o r i d e .  R e d u c t i o n  o f  1 89  a f f o r d s  t h e  
e x p e c t e d  d i a m i n e  1 9 0 . 1 3 7 , 1 3 8  c o m p o u n d  1 87  w a s  a l s o  
f o r m e d  b y  t h e  s am e  p r o c e d u r e  a s  l i g a n d  1 8 6 . ^ 3 7
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L e h n  a n d  S t u b b s ^ 7  h a v e  s t u d i e d ,  v i a  v a r i a b l e  
t e m p e r a t u r e  p r o t o n  NMR, t h e  i n t r a m o l e c u l a r  c a t i o n  e x c h a n g e  
r a t e  i n  c r y p t a n d  185 f o r  t h e  a l k a l i n e  e a r t h  m e t a l s .  T h i s  
e x c h a n g e  i s  a  r e s u l t  o f  t h e  l a r g e  d i s t a n c e  b e t w e e n  t h e  
l a t e r a l  c a v i t i e s .  T h e i r  r e s u l t s  i n d i c a t e  t h a t  185  f o r m s  a 
" f l u x i o n a l "  t y p e  c o m p l e x  w i t h  t h e  c a t i o n s  i n v e s t i g a t e d .  I n  
o t h e r  w o r d s ,  t h e  c a t i o n  m i g r a t e s  f r o m  o n e  e n d  o f  t h e  
c r y p t a n d  m o l e c u l e  t o  t h e  o t h e r  a s  d e m o n s t r a t e d  i n  F i g u r e
I I .  T h u s ,  o n e  c a n  e n v i s i o n  t h e  s y n t h e s i s  o f  m o l e c u l e s
w h i c h  c o u l d  f u n c t i o n  a s  c h a n n e l s  f o r  t h e  f l o w  o f  m e t a l  
c a t i o n s .
0 '  "*0 
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F i g u r e  I I . The  i n t r a m o l e c u l a r  c a t i o n  e x c h a n g e  a s  
i n d i c a t e d  b y  v a r i a b l e  t e m p e r a t u r e  NMR d a t a .
T h e  x - r a y  c r y s t a l  s t r u c t u r e  o f  t h e  s i l v e r  n i t r a t e  
c o m p l e x  o f  185  i n d i c a t e s  t h a t  t h e  t w o  s i l v e r ( I )  i o n s  a r e  
i n c l u d e d  i n  t h e  t r i c y c l i c  m a c r o c y c l e . ^39  A l s o ,  t h e  
x - r a y  s t r u c t u r e  o f  a  c o m p l e x  o f  165  w i t h  s o d i u m  i o d i d e  h a s  
b e e n  r e p o r t e d : ^40  t h e r e  a r e  tw o  s o d i u m  c a t i o n s  e n c o m ­
p a s s e d  b y  t h e  c r y p t a n d ,  b e c a u s e  t h e  i o d i d e  i o n s  a r e  s e p a r a ­
t e d  b y  m o r e  t h a n  5 A f r o m  t h e  s o d i u m  i o n s ,  n o  i n t e r a c t i o n  
b e t w e e n  t h e m  i s  p o s s i b l e .  The  d i s t a n c e  b e t w e e n  t h e  tw o  
e n c a p s u l a t e d  s o d i u m  i o n s  i s  6 . 4 0  A.
T h e  l a t e r a l  c a v i t i e s  o f  t h e s e  t r i c y c l i c  c r y p t a n d s  
a p p e a r  t o  f u n c t i o n  a s  u n i t s  i n d e p e n d e n t  o f  e a c h  o t h e r . ^ 1 
T h i s  f e a t u r e  may p e r m i t  t h e  f o r m a t i o n  o f  h e t e r o d i n u c l e a r  
c o m p l e x e s  b y  t h e s e  c y l i n d r i c a l  t r i c y c l e s .  S u c h  a  c o m p l e x  
o f  l e a d  a n d  s i l v e r  c a t i o n s  h a s  b e e n  o b s e r v e d  w i t h  l i g a n d  
1 9 2 .  T h e  h e t e r o d i n u c l e a r  c o m p l e x ,  [ P b ^ +Ag+ d 9 2 ] ,  e x i s t s  i n
e q u i l i b r i u m  w i t h  t h e  tw o  c o r r e s p o n d i n g  h o m o d i n u c l e a r
c o m p l e x e s ,  [ 2 P b 2 + c 1 9 2 ]  a n d  [ 2Ag+ c l 9 2 ] . 141
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T h e  p o l y t h i a  c y l i n d r i c a l  m a c r o t r i c y c l e s ,  194 a n d  1 9 5 , 
w e r e  f o r m e d  v i a  t h e  sam e  s y n t h e t i c  s e q u e n c e  a s  t h e  p o l y o x a  
s p e c i e s .  H o w e v e r ,  l i g a n d  196  h a d  t o  be s y n t h e s i z e d  b y  a 
m o d i f i e d  p r o c e d u r e  i n  w h i c h  tw o  a p p e n d a g e s  w e r e  a t t a c h e d  a t  
d i a g o n a l l y  o p p o s e d  p o s i t i o n s  o n  t h e  m a c r o c y c l e ,  f o l l o w e d  by  
a c t i v a t i o n  o f  t h e  f r e e  t e r m i n i  o f  t h e  a p p e n d a g e s ,  a n d  c o n ­
d e n s a t i o n  w i t h  t h e  s e c o n d  m a c r o c y c l e  (S ch em e  V I I  ) . ^ 2
R e g u l a t i o n  o f  t h e  s i z e  o f  t h e  c e n t r a l  c a v i t y  b y  
v a r i a t i o n  o f  t h e  l e n g t h  o f  t h e  b r i d g i n g  u n i t s  may i n c u r  
s t r o n g  c a t i o n - c a t i o n  i n t e r a c t i o n s  a t  s h o r t  d i s t a n c e s  u p o n  
c o m p l e x a t i o n ;  a t  g r e a t e r  d i s t a n c e s ,  t h e  f o r m a t i o n  o f
194 195 196
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c a s c a d e  c o m p l e x e s  b y  i n c l u s i o n  o f  a  s u b s t r a t e  m o l e c u l e  
( e . g . ,  0  , N ,  s u p e r o x i d e ,  e t c , )  b e t w e e n  t h e  t w o  c o m p l e x e dZ Z
m e t a l  c a t i o n s  may l e a d  t o  m i m i c s  o f  t h e  c o p p e r  p r o t e i n s  o r  
o f  s u p e r o x i d e  d i s m u t a s e .  No d i r e c t  e v i d e n c e  f o r  s u c h  a n  
o c c u r r e n c e  h a s  b e e n  o b t a i n e d ,  b u t  s p e c t r a l  c h a n g e s  d u e  t o  
t h e  r e a c t i o n  o f  [ 2 C u ( I I ) c 1 9 4 ] w i t h  p o t a s s i u m  s u p e r o x i d e  a n d  
o f  [ 2 C u ( I ) e 1 9 4 ] w i t h  o x y g e n  h a v e  b e e n  o b s e r v e d .  
A d d i t i o n a l l y ,  t h e  e l e c t r o c h e m i c a l  r e d u c t i o n  p o t e n t i a l  o f  
[ 2 C u ( I I  ) c j_ 9 4 ] i s  s i m i l a r  t o  t h a t  m e a s u r e d  f o r  t h e  c o p p e r  
p r o t e i n s .  ^^3
S u t h e r l a n d  a n d  c o l l e a g u e s  r e p o r t e d  t h e  s y n t h e s i s  o f  a  
s e r i e s  o f  c y l i n d r i c a l  m a c r o t r i c y c l e s  s i m i l a r  t o  t h o s e  
r e p o r t e d  b y  L e h n .  T h e s e  c o m p o u n d s  w e r e  p r e p a r e d  b y  t h e
2 00  n=2 ,  X s t l6%)
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r e a c t i o n  o f  t h e  a p p r o p r i a t e  d i a z a  c r o w n  m a c r o c y c l e  w i t h  t h e  
d e s i r e d  b i s - b r o m o m e t h y l  a r e n e .  T he  a u t h o r s  a l s o  s t u d i e d  
t h e  f o r m a t i o n  o f  i n c l u s i o n  c o m p l e x e s  o f  t h e  m a c r o t r i c y c l i c  
m o l e c u l e s  ( 2 0 0 - 2 0 4 ) w i t h  b i s - p r i m a r y  a l k y l  am monium s a l t s  
o f  v a r i o u s  c h a i n  l e n g t h s  ( 2 0 5 ) .  C o m p e t i t i o n  e x p e r i m e n t s
i n d i c a t e d  t h a t  t h e  l e n g t h  o f  t h e  h o s t  c a v i t y  d i c t a t e s  t h e  
p r e f e r e n t i a l  s e l e c t i o n  o f  t h e  b i s - am m o n iu m  s a l t  o f  
a p p r o p r i a t e  l e n g t h  t o  s p a n  t h e  c a v i t y . 1^4
A c c o r d i n g  t o  p r o t o n  NMR s p e c t r o s c o p y  d a t a ,  2 0 2  f o r m s  a  
1 : 1  i n c l u s i o n  c o m p l e x  w i t h  t h e  b i s - a m m o n iu m  s a l t s  w hen  n=2 
o r  n = 3 ,  203  f o r m s  a  1 :1  i n c l u s i o n  c o m p l e x  w hen  n = 4 ,  a n d  2 04  
f o r m s  1 :1  i n c l u s i o n  c o m p l e x e s  w hen  n = 4 ,  5 ,  6 ,  o r  7 .  
C o m p e t i t i o n  e x p e r i m e n t s  o n  204  a n d  f o u r  d i f f e r e n t  b i s -  
ammonium s a l t s  ( n = 4 - 7 )  s h o w  t h a t  jK) p r e f e r e n t i a l l y  
c o m p l e x e s  tw o  s a l t s  ( n = 5  a n d  n = 6 ) .
C o m p l e x e s  o f  c o p p e r ( I I )  c h l o r i d e  w i t h  2 0 2 - 204  w e r e  
a l s o  p r e p a r e d .  The  r e s u l t s  i n d i c a t e  t h a t  2 02  f o r m s  a  1 :1  
c o m p l e x ,  2 0 3  f o r m s  b o t h  a  1 :1  c o m p l e x  a n d  a  2 : 1  c o m p l e x ,  
a n d  204  f o r m s  o n l y  a 2 : 1  c o m p l e x .  T h e s e  s t o i c h i o m e t r i e s  
w e r e  e x p e c t e d ,  o n  t h e  b a s i s  o f  t h e  c a v i t y  s i z e  a n d  t h e  
s t e r i c  r e q u i r e m e n t s  o f  t h e  l i g a n d s . ^44
V B g t l e  a n d  D i x  p r e p a r e d  c r y p t a n d  2 0 7  (12%) b y  t h e  
r e a c t i o n  o f  d i m e t h y l  s q u a r a t e  ( 2 0 6 ) w i t h  t h e  m o n o c y c l i c
2 0 5 +  2 N C S "
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c r o w n  e t h e r  a m i n e  a n d  r e p o r t e d  t h e  c r y p t a t e s  o f  2 0 7  w i t h  
KSCN, R b l ,  a n d  C s C l . 145
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T h e  s t e p - b y - s t e p  b r i d g i n g  s e q u e n c e  g e n e r a l l y  e m p l o y e d  
s h o u l d  a l l o w  f o r  t h e  i n c o r p o r a t i o n  o f  tw o  d i f f e r e n t  
b r i d g i n g  s u b u n i t s  i n t o  t h e  m a c r o c y c l i c  f r a m e w o r k .  L e h n  £ t  
a l . h a v e  r e p o r t e d  j u s t  s u c h  a n  e x a m p l e  i n  w h i c h  tw o  
m a c r o c y c l e s  a r e  b r i d g e d  b y  a n  e t h y l e n e  g l y c o l  s u b u n i t  a n d  a  
b i n a p h t h o l  s u b u n i t  ( 2 0 8 ) ,  w h i c h  i s  c h i r a l  a n d  e x h i b i t s  some 
d e g r e e  o f  c h i r a l  r e c o g n i t i o n . ^ 4 ®
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D. C y l i n d r i c a l  M a c r o t e t r a c y c l e s
I n  1 9 8 1 ,  L e h n  et :  a_l .  ^ 4 ? r e p o r t e d  t h e  s y n t h e s i s  o f  
p r e v i o u s l y  u n k n o w n ,  t r i p l y  b r i d g e d ,  c y l i n d r i c a l  m a c r o t e t r a ­
c y c l e s  w h i c h  a r e  b u i l t  b y  s e q u e n t i a l l y  b r i d g i n g  t w o  [ 1 8 ] -
N O c o r o n a n d s .  T h e  t h r e e  b r i d g e s  m a i n t a i n  t h e  m a c r o c y c l i c  
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s u b u n i t s  a t  f i x e d  d i s t a n c e s  a n d  d e l i n e a t e  a  c e n t r a l  i n t r a ­
m o l e c u l a r  c a v i t y  w h i c h  may be r a t h e r  r i g i d  a n d  i n s u l a t e d  
f r o m  i t s  s u r r o u n d i n g s ,  d e p e n d i n g  o n  t h e  t y p e  o f  b r i d g i n g  
s u b u n i t s .  C a v i t y  210  i s  much m o re  i n s u l a t e d  f r o m  i t s  
e x t e r n a l  e n v i r o n m e n t  t h a n  t h e  c a v i t y  o f  2 0 9 . The  f o r m a t i o n  
o f  c o m p l e x e s  o f  t h e s e  m o l e c u l e s  w i t h  p r i m a r y  b i s - a l k y l -  
am monium s a l t s  was  s t u d i e d  b y  p r o t o n  NMR s p e c t r o s c o p y .  
C o m p l e x a t i o n  w i th ,  c h a i n  l e n g t h  d e s c r i m i n a t i o n  f o r  
H^N - ( C H j )  -NH^ s u b s t r a t e s  was  o b s e r v e d ;  l i g a n d  210  b i n d s  
t h e  n = 5  a n d  n = 6  s p e c i e s ,  b u t  n o  c o m p l e x e s  w i t h  n=4  a n d  n=8 
c a t i o n s  w e r e  o b s e r v e d  u n d e r  t h e  sam e  r e a c t i o n  c o n d i t i o n s .  
F u r t h e r  s t u d i e s  i n d i c a t e d  t h a t  t h e  s u b s t r a t e  b i n d i n g  i s  
m o re  r e s t r i c t e d  i n  210  a n d  211 t h a n  i n  2 1 2 ,  i n d i c a t i n g  t h a t  
t h e s e  new s y s t e m s  may e x h i b i t  a  v e r y  h i g h  s e l e c t i v i t y  o f  
c o m p l e  xa  t  i o n . 1 4 7
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T h e  i d e a l  o r g a n i c  l i g a n d  t o  e f f e c t  m o l e c u l a r
r e c o g n i t i o n  o f  s p h e r i c a l  c a t i o n s  i s  a  m a c r o c y c l i c  s y s t e m
w h i c h  c o n t a i n s  a  s p h e r i c a l  i n t r a m o l e c u l a r  c a v i t y  i n t o  w h i c h
t h e  c a t i o n  may be  i n c l u d e d ,  r e s u l t i n g  i n  a  c o m p l e x  o f
o p t i m u m  s t a b i l i t y .  G r a f  a n d  L e h n ^ ®  r e p o r t e d  t h e
s y n t h e s i s  o f  s u c h  a  s p h e r i c a l  l i g a n d  ( 2 2 1 ) w i t h  t e n
c o o r d i n a t i o n  s i t e s .  I t  c o n t a i n s  f o u r  n i t r o g e n  a t o m s
l o c a t e d  a t  t h e  c o r n e r s  o f  a  t e t r a h e d r o n  a n d  s i x  o x y g e n
a t o m s  l o c a t e d  a t  t h e  c o r n e r s  o f  a n  o c t a h e d r o n .  T h i s
s p h e r o i d  w as  s y n t h e s i z e d  b y  a  s t e p w i s e  s e q u e n c e  i n  w h i c h  a
m a c r o c y c l e  i s  c o n v e r t e d  t o  a  m a c r o b i c y c l e  a n d  f i n a l l y  t o
t h e  s p h e r i c a l  m a c r o t r i c y c l i c  m o l e c u l e  (S c h e m e  V I I ) .  D i o l
2 1 3  i s  c o n v e r t e d  t o  2 1 7 , o n e  o f  t h e  m a j o r  b u i l d i n g  b l o c k s
u s e d  t o  c o n s t r u c t  c r y p t a n d  2 2 1 . The  p r o t o n  NMR s p e c t r u m  o f
221 d e m o n s t r a t e s  t h e  h i g h  s y m m e t r y  o f  t h e  m o l e c u l e :  t h e r e
a r e  t w o  t r i p l e t s  ( J = 5 . 5  Hz) f o r  t h e  CH -N  a n d  CH - 0  p r o t o n s
2 2
a t  2 . 7 0  ppm a n d  3 . 6 5  pp m ,  r e s p e c t i v e l y .
C a t i o n i c  c o m p l e x e s  o f  221 h a v e  much h i g h e r  s t a b i l i t y  
c o n s t a n t s  t h a n  f o r  t h e  o t h e r  c r y p t a t e s ;  t h e  C s + c o m p l e x  
a p p e a r s  t o  be  t h e  m o s t  s t a b l e  C s + c o m p l e x  k now n  t o  d a t e .
T h e  c a t i o n  e x c h a n g e  r a t e  o f  t h i s  c r y p t a t e  i s  s l o w ,  a n d  t h e  
a c t i v a t i o n  e n e r g y  o f  d i s s o c i a t i o n  o f  t h e  c o m p l e x  i s  h i g h  
( — 16 K c a l / m o l ) .   ^4® ^ h e  t e t r a h e d r a l  a r r a y  o f  n i t r o g e n  
a t o m s  i n  221 e n s u r e s  t h e  f o r m a t i o n  o f  i n c l u s i o n  c o m p l e x e s
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w i t h  ammonium c a t i o n s , 149 a n d  t h e  d i p r o t o n a t e d  s p e c i e s  
c o m p l e x e s  a  w a t e r  m o l e c u l e . 150 I n  o t h e r  w o r d s ,  t h e s e  
s p h e r i c a l  c r y p t a n d s  c a n  a c t  a s  m o l e c u l e  r e c e p t o r s  w h i c h  
d i s p l a y  t e t r a h e d r a l  r e c o g n i t i o n  o f  s m a l l  i n o r g a n i c  
m o l e c u l e s .
T h e r e  e x i s t  o n l y  a f e w  s y n t h e t i c  s e q u e s t e r i n g  a g e n t s  
f o r  o r g a n i c  a n d  i n o r g a n i c  a n i o n s ,  a l t h o u g h  a t  l e a s t  
s e v e n t y - f i v e  p e r c e n t  o f  a l l  e n z y m e s  a c t  o n  a n i o n i c  
s u b s t r a t e s .  T h e r e f o r e ,  t h e  s y n t h e s i s  a n d  c o m p l e x a t i o n  
p r o p e r t i e s  o f  a b i o t i c  r e c e p t o r s  f o r  a n i o n s  i s  o f  i n t e r e s t ,  
a n d  t h e  s t u d y  o f  s u c h  s y s t e m s  s h o u l d  l e a d  t o  a  b e t t e r  
u n d e r s t a n d i n g  o f  t h e  m e c h a n i s m -  o f  t h e  b i o l o g i c a l  
p r o c e s s e s .
T h e  t e t r a p r o t o n a t e d  s p h e r i c a l  m a c r o t r i c y c l e s  h a v e  b e e n  
u s e d  t o  c o m p l e x  a n i o n s  o f  a p p r o p r i a t e  s i z e .  The c r y s t a l  
s t r u c t u r e  o f  a  c h l o r i d e  c o m p l e x  h a s  b e e n  r e p o r t e d :  
t h e  c h l o r i d e  a n i o n  i s  h e l d  i n  a  t e t r a h e d r a l  n e t w o r k  o f
N+ -H  C l ~  h y d r o g e n  b o n d s .  The  m o s t  s t a b l e  a n i o n  c o m p l e x
i s  f o r m e d  w i t h  c h l o r i d e ,  a l t h o u g h  f l u o r i d e  a n d  b r o m i d e  a l s o  
f o r m  c o m p l e x e s ;  f u r t h e r m o r e ,  c h l o r i d e / b r o m i d e  s e l e c t i v i t y  
i s  h i g h .  T h i s  i s  b e l i e v e d  t o  be d u e  t o  t h e  s i z e  r e l a t i o n ­
s h i p  a n d  t o  t h e  i n a b i l i t y  o f  t h e  r i g i d  c a v i t y  t o  a d a p t  b y  
d e f o r m a t i o n  t o  l a r g e r  o r  s m a l l e r  a n i o n s ;  a s  a  r e s u l t ,  t h e r e  
i s  a  v e r y  l a r g e  s p h e r i c a l  m a c r o t r i c y c l i c  e f f e c t . 1^0
A n o t h e r  s e r i e s  o f  s p h e r i c a l  m a c r o t r i c y c l i c  l i g a n d s  was  
r e p o r t e d  i n  w h i c h  t h e  f i n a l  e t h e r  l i n k a g e  w as  r e p l a c e d  by  a
s i m p l e  m e t h y l e n e  b r i d g e .  M a c r o b i c y c l e  223  w a s  c o n d e n s e d  
w i t h  a  s e r i e s  o f  m e t h y l e n i c  b i s - a c i d  c h l o r i d e s  2 2 3 - 2 2 5  
u n d e r  h i g h  d i l u t i o n  c o n d i t i o n s  a n d  r e d u c e d  w i t h  d i b o r a n e  t o  
a f f o r d  t h e  s p h e r i c a l  c r y p t a n d s  2 2 6 - 2 2 8 , r e s p e c t i v e l y .  The 
s t a b i l i t y  a n d  c a t i o n  s e l e c t i v i t y  o f  t h e  c o m p l e x e s  o f  t h e s e  
t h r e e  s p h e r i c a l  m a c r o c y c l e s  w i t h  a l k a l i  a n d  a l k a l i n e  e a r t h  
m e t a l s  ( s o d i u m ,  p o t a s s i u m ,  r u b i d i u m ,  c e s i u m ,  c a l c i u m ,  
s t r o n t i u m ,  a n d  b a r i u m )  w e r e  a l s o  i n v e s t i g a t e d .  None o f  t h e  
c o m p l e x e s  f o r m e d  w i t h  2 2 6 , 2 2 7 , o r  2 2 8  w e r e  f o u n d  t o  be  a s  
s t a b l e  a s  t h e  c o m p a r a b l e  c o m p l e x e s  o f  l i g a n d  2 2 1 . H o w e v e r ,  
t h e  m o s t  s t a b l e  c o m p l e x  w i t h  l i g a n d s  2 26  a n d  2 27  w a s  w i t h  
b a r i u m . 151
222
I) /r - 0 O - N
V - 0  I  0 —'  
I \  J
| | | n * 3
2 2 f n * 4
22_5n*5
2) B2H€
LXJ
  2 26  n=3  (52%)
2 2 7  n=4  (54%)
2 2 8  n = 5  (47%) 
S c h m i d t c h e n l 52  a i s o  r e p o r t e d  t h e  s y n t h e s i s  o f
m a c r o c y c l i c  q u a t e r n a r y  ammonium s a l t s  w h i c h  f o r m  i n c l u s i o n  
c o m p l e x e s  w i t h  a n i o n s .  Compound 2 2 9  w a s  p r o d u c e d  b y  
q u a t e r n i z a t i o n  o f  t h e  s p h e r i c a l  c r y p t a n d  221 w i t h  m e t h y l - £ -  
t o l u e n e s u l f o n a t e .  S p h e r i c a l  m a c r o t r i c y c l e s  2 3 6  a n d  2 3 7  
w e r e  s y n t h e s i z e d  b y  a n  a l t e r n a t e  r o u t e  (S c h e m e  I X ) .  
Q u a t e r n i z a t i o n  o f  2 36  a n d  237 w i t h  m e t h y l  f l u o r o s u l f a t e  o r
m e t h y l - £ - t o l u e n e s u l f o n a t e  r e s u l t e d  i n  t h e  t e t r a a m m o n i u m  
s a l t s  230  a n d  2 3 1 .
A c c o r d i n g  t o  t h e  m o l e c u l a r  m o d e l s  o f  2 2 9 - 2 3 1 ,  t h e y  
s h o u l d  b e  a b l e  t o  b i n d  c h l o r i d e  a n d  b r o m i d e ;  230 a n d  231 
s h o u l d  a l s o  be  a b l e  t o  b i n d  i o d i d e .  I n  f a c t ,  a  c o m p a r i s o n  
o f  t h e  s t a b i l i t y  c o n s t a n t s  o f  t h e  h a l i d e  c o m p l e x e s  
i n d i c a t e s  t h a t  t h e  b r o m i d e  a n d  i o d i d e  c o m p l e x e s  a r e  
c o n s i d e r a b l y  m o r e  s t a b l e  t h a n  t h e  c h l o r i d e  c o m p l e x .  S i n c e  
t h e  s o l v a t i o n  s h e l l  o f  t h e  a n i o n  i s  r e m o v e d  d u r i n g  
c o m p l e x a t i o n ,  t h e  m o re  s t r o n g l y  s o l v a t e d  a n i o n  s h o u l d  
r e s u l t  i n  t h e  m o r e  l a b i l e  c o m p l e x .  The  o b s e r v e d  o r d e r  o f  
s t a b i l i t i e s  s u p p o r t s  t h i s  b e l i e f .  E v e n  s o ,  t h e  b r o m i d e  a n d  
i o d i d e  c o m p l e x e s  o f  230  a n d  231 a r e ,  a s  y e t ,  t h e  m o s t
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s t a b l e  i n c l u s i o n  c o m p l e x e s  o b s e r v e d  f o r  t h e s e  a n i o n s  i n  
a q u e o u s  s o l u t i o n s .  The  h a l i d e  i o n  i n c l u s i o n  c o m p l e x e s  o f  
l i g a n d s  2 3 0  a n d  231 a l s o  a l l o w  f o r  t h e i m  t o  be s t u d i e d  
i n d e p e n d e n t l y  o f  t h e  c o n f i g u r a t i o n a l  a n d  p r o t o n a t i o n  
e q u i l i b r i a  a t  t h e  n i t r o g e n  a t o m s  a s  s e e n  f o r  L e h n ' s
s p h e r i c a l  c r y p t a n d s . ^ 50
A s p h e r i c a l  o c t a - a z a  c r y p t a t e  2 38  h a s  b e e n  s y n t h e s i z e d  
i n  g r e a t e r  t h a n  95% y i e l d  by  c o n d e n s a t i o n  o f  t r i s ( e t h y l e n e -  
d i a m i n e ) c o b a l t ( I I ) w i t h  f o r m a l d e h y d e  a n d  a m m o n i a . ^ 53 
T h e  c r y s t a l  s t r u c t u r e  i n d i c a t e s  t h a t  t h e  s y n t h e s i s  o c c u r s
3+w i t h  r e t e n t i o n  o f  c h i r a l i t y  o f  t h e  C o t e n ) ^  i o n  a n d  s h o w s  
t h e  h e x a d e n t a t e  n a t u r e  o f  t h e  l i g a n d  w i t h  t r i s ( m e t h y l e n e ) -  
a m i n o  c a p s  a t  b o t h  e n d s  o f  t h e  m o l e c u l e .  The  e t h y l e n e  
d i a m i n e  r i n g s  h a v e  t h e  l e i  (AAA) c o n f o r m a t i o n  a n d  t h e  
o v e r a l l  s y m m e t r y  i s  v e r y  c l o s e  t o  • The  f r e e  l i g a n d  h a s ,  
a s  y e t ,  t o  be  i s o l a t e d .
Experimental
R e a g e n t s . U n l e s s  o t h e r w i s e  i n d i c a t e d  i n  a  s p e c i f i c  
e x p e r i m e n t ,  a l l  o f  t h e  c h e m i c a l s  u t i l i z e d  w e r e  r e a g e n t  
g r a d e  a n d  n o  p u r i f i c a t i o n  s t e p s  w e r e  u n d e r t a k e n .  The  
s o l v e n t s  [ b e n z e n e ,  c y c l o h e x a n e ,  d i e t h y l  e t h e r ,  p e t r o l e u m  
e t h e r  ( b p  3 0 - 6 0 ° C ) ,  x y l e n e ,  a n d  t e t r a h y d r o f u r a n ]  w e r e  d r i e d  
o v e r  s o d i u m  a n d  d i s t i l l e d  p r i o r  t o  u s e .  N , N - D i m e t h y l -  
f o r m a m i d e  w as  d i s t i l l e d  f r o m  c a l c i u m  h y d r i d e  a t  r e -  d u c e d  
p r e s s u r e  a n d  s t o r e d  o v e r  a c t i v a t e d  m o l e c u l a r  s i e v e s  ( L i n d e  
T y p e ,  4A) u n d e r  a r g o n  a t m o s p h e r e  i n  t h e  d a r k . ^ 54
T h i n  l a y e r  c h r o m a t o g r a p h y  (TLC) w as  p e r f o r m e d  o n  20cm 
g l a s s  p l a t e s  w i t h  a  0 .25mm c o a t i n g  o f  B r i n k m a n n  H F - 2 5 4 + 3 6 6  
s i l i c a  g e l ,  w i t h  t h e  e l u e n t s  i n d i c a t e d .  T h e  p l a t e s  w e r e  
a c t i v a t e d  f o r  a  m in imum o f  1 h o u r  a t  1 2 0°C  b e f o r e  u s e .  
A l u m i n a  TLC p l a t e s  w e r e  p r e p a r e d  f r o m  B r i n k m a n n  EM A lu m in u m  
O x i d e  60 F - 2 5 4 ,  n e u t r a l  T y p e  E .  P r e p a r a t i v e  t h i c k  l a y e r  
c h r o m a t o g r a p h y  ( ThL C) u t i l i z e d  20cm X 40cm g l a s s  p l a t e s  
w i t h  a  2mm t h i c k  c o a t i n g  o f  B r i n k m a n n  P F - 2 5 4 + 3 6 6  s i l i c a  g e l  
a n d  a c t i v a t e d  f o r  a  m in im um  o f  4 h o u r s  a t  1 2 0 °C  b e f o r e  u s e .  
T h e  e l u e n t s  a n d  n u m b e r  o f  e l u t i o n s  a r e  i n d i c a t e d  i n  t h e  
s p e c i f i c  e x p e r i m e n t .  C e r t a i n  m i x t u r e s  r e q u i r e d  ThLC p l a t e s  
m ade  w i t h  2mm o f  B r i n k m a n n  EM A lu m in u m  O x i d e  P F - 2 5 4  T y p e  E 
( n e u t r a l  a l u m i n a ) .  M u l t i p l e  e l u t i o n s  a r e  i n d i c a t e d  when  
n e c e s s a r y .  C o lu m n  c h r o m a t o g r a p h y  p r o c e d u r e s  i n v o l v e d
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e i t h e r  s i l i c a  g e l  ( B a k e r ,  6 0 - 2 0 0  m e s h )  o r  a l u m i n u m  o x i d e  
( B r i n k m a n n  EM, n e u t r a l ,  a c t i v i t y  D ,  7 0 - 2 3 0  m e s h ) .
M e l t i n g  p o i n t s  w e r e  m e a s u r e d  i n  c a p i l l a r y  t u b e s  w i t h  a
T h o m a s - H o o v e r  U n i m e l t  a n d  a r e  u n c o r r e c t e d .  M ass  s p e c t r a l
(MS) ( 7 0 e V )  ( a s s . ,  r e l .  i n t . )  d a t a  w e r e  o b t a i n e d  o n  e i t h e r
a  H i t a c h i  P e r k i n - E l m e r  RMS-4 o r  a  H e w l e t t  P a c k a r d  M ode l
5 9 8 6  GC/MS s y s t e m .  A f l u o r o c a r b o n  was  e m p l o y e d  a s  a
c o u n t i n g  r e f e r e n c e .  P r o t o n  n u c l e a r  m a g n e t i c  r e s o n a n c e  ( ^H
NMR) s p e c t r a  w e r e  r e c o r d e d  o n  e i t h e r  a  V a r i a n  A s s o c i a t e s
A -6 0 A  s p e c t r o m e t e r  o r  a  B r u k e r  WP-200 s p e c t r o m e t e r  a s
i n d i c a t e d .  T e t r a m e t h y l s i l a n e  (TMS) w as  u s e d  a s  a n  i n t e r n a l
s t a n d a r d  a n d  c h e m i c a l  s h i f t  v a l u e s  a r e  r e p o r t e d  i n  p a r t s
p e r  m i l l i o n  ( 5 )  d o w n f i e l d  f r o m  TMS. C a r b o n - 1 3  n u c l e a r
13m a g n e t i c  r e s o n a n c e  ( C NMR) s p e c t r a  w e r e  o b t a i n e d  o n  a  
B r u k e r  WP-200  s p e c t r o m e t e r .  I n f r a r e d  s p e c t r a  ( I R )  w e r e  
r e c o r d e d  o n  e i t h e r  a  P e r k i n  E l m e r  I R - 1 3 7  o r  a n  I R - 6 2 1  
g r a t i n g  s p e c t r o p h o t o m e t e r .  U l t r a v i o l e t  (UV) s p e c t r a  w e r e  
r e c o r d e d  o n  a  C a r y - 14 s p e c t r o p h o t o m e t e r ,  i n  t h e  s t i p u l a t e d  
s o l v e n t .  The  s p e c t r a  w e r e  o b t a i n e d  i n  1cm m a t c h e d  q u a r t z  
c e l l s  a n d  w e r e  c o r r e c t e d  b y  a  s o l v e n t  b l a n k .
E l e m e n t a l  a n a l y s e s  w e r e  p e r f o r m e d  b y  Mr.  R.  L .  S e a b  i n  
t h e s e  l a b o r a t o r i e s .  T he  X - r a y  s t r u c t u r a l  a n a l y s e s  w e r e  
p e r f o r m e d  b y  D r .  F r a n k  R .  F r o n c z e k  o n  E n r a f - N o n i u s  CAD4 
a u t o m a t i c  d i f f r a c t o m e t e r ,  u s i n g  p r o g r a m s  MULTAN,
SH E LEX ,*56  atl(3 t h e  E n r a f - N o n i u s  S t r u c t u r e  D e t e r m i n a t i o n  
P a c k a g e  o n  IBM 3 0 3 3  a n d  D i g i t a l  PDP 1 1 / 3 4  c o m p u t e r s .
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1 , 2 - B i s ( / 3 - c h l o r o e t h o x y ) e t h a n e . To  a  s o l u t i o n  o f
t r i e t h y l e n e  g l y c o l  ( 1 0 g r 66m m ol)  i n  r e f l u x i n g  c h l o r o f o r m
(500m L )  u n d e r  n i t r o g e n ,  t h i o n y l  c h l o r i d e  (2 2 m L ,  300m m ol)  i n
c h l o r o f o r m  (75mL) w a s  a d d e d  d r o p w i s e  o v e r  o n e  h o u r .  A f t e r
r e f l u x i n g  f o r  12 h o u r s ,  t h e  s o l v e n t  a n d  e x c e s s  t h i o n y l
c h l o r i d e  w e r e  r e m o v e d  ^ n  v a c u o . The  r e s i d u e  was  t r e a t e d
w i t h  10% s o d i u m  c a r b o n a t e  s o l u t i o n  a n d  e x t r a c t e d  s e v e r a l
t i m e s  w i t h  m e t h y l e n e  c h l o r i d e  (3  X 5 0 m L ) .  The  c o m b i n e d
e x t r a c t  w as  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,
f i l t e r e d ,  a n d  c o n c e n t r a t e d  _in v a c u o  t o  g i v e  a  l i q u i d  w h i c h
w a s  d i s t i l l e d  u n d e r  v a c u u m  t o  a f f o r d  2 4 0 ; 1 0 . 9 8 g  (8 9 % ) ;  b p
1 1 0 ° C  ( 0 . 8 m m ) ;  MS m / e  187 (M+ 4 . 4 ) ,  107  ( C , H „ 0 C 1 ,
4 8
3 9 . 5 ) ,  93  ( C H O C l , 1 0 0 ) ,  63  ( C ^ H C l ,  7 6 . 1 ) .3 5   2 4
A n a l .  C a l c d .  f o r  C,_H O C l „ :  C ,  3 8 . 5 0 ;  H,  6 . 4 2 .  6 12 2 2
F o u n d :  C ,  3 8 . 2 8 ;  H,  6 . 3 7 .
e t h a n e  ( 2 0 g ,  107m m ol)  a n d  s o d i u m  i o d i d e  ( 3 2 g ,  2 1 4 m m o l)  i n  
a c e t o n e  (2 50m L )  w as  r e f l u x e d  f o r  72  h o u r s .  T h e  r e a c t i o n  
w a s  c o o l e d ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  j j i  v a c u o , a f f o r d i n g
cU U i  acetone, A
Nal
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1 , 2 - B i s ( / 3 - i o d o e t h o x y ) e t h a n e  b y  t h e  F i n k e l s t e i n  
R e a c t i o n . ^ 57 a  s o l u t i o n  o f  1 , 2 - b i s ( f f - c h l o r o e t h o x y ) -
t h e  c r u d e  p r o d u c t ,  w h i c h  was  v a c u u m  d i s t i l l e d  t o  g i v e  t h e  
d e s i r e d  d i i o d o  c om pound  2 4 1 ; 3 1 g  ( 7 9 % ) ;  b p  1 1 0 “C (1m m );  ^H
NMR (200M H z ,  CDC13 ) S 3 . 2 7  ( t ,  a - C H 2 , J = 6 . 5  H z ,  4 H ) ,  3 . 6 7  
( s ,  Y -CH2 , 4 H ) ,  3 . 7 9  ( t ,  )3tCH2 , J  = 6 . 5  H z ,  4 H ) ;  MS m / e  370 
(M+ , 0 . 2 ) ;  198 ( C ^ O I ,  2 1 . 7 ) ;  155 (C2 H4 I ,  1 0 0 )  .
A n a l . C a l c d .  f o r  CgH^2 0 2 I 2 : C ,  1 9 . 4 6 ;  H,  3 . 2 4 .
F o u n d :  C ,  1 9 . 7 9 ;  H,  3 . 2 2 .
MeOH r i. _
OH OH HCt MeO OMe
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M e t h y l  2 , 6 - P y r i d i n e d i c a r b ' o x y l a t e . A s u s p e n s i o n  o f
2 , 6 - p y r i d i n e d i c a r b o x y l i c  a c i d  ( 1 6 7 g ,  1 m o l )  i n  a n h y d r o u s  
m e t h a n o l  ( 1 . 5 L )  w as  s a t u r a t e d  w i t h  a n h y d r o u s  h y d r o c h l o r i c  
a c i d .  A f t e r  r e f l u x i n g  f o r  2 d a y s ,  t h e  s o l v e n t  was  r e m o v e d  
i n  v a c u o . The  r e s i d u e  was  s u s p e n d e d  i n  a  10% s o d i u m  
c a r b o n a t e  s o l u t i o n  a n d  e x t r a c t e d  w i t h  c h l o r o f o r m  (3 x 
2 0 0 m L ) .  T h e  c o m b i n e d  o r g a n i c  e x t r a c t  was  d r i e d  o v e r  
a n h y d r o u s  m a g n e s i u m  s u l f a t e  a n d  c o n c e n t r a t e d  j j i  v a c u o  t o  
a f f o r d  m e t h y l  2 , 6 - p y r i d i n e d i c a r b o x y l a t e ,  a s  a  c o l o r l e s s  
s o l i d :  190g  ( 9 8 % ) ;  mp 1 2 2 - 1 2 3 ° C  ( l i t J S B  mp 1 2 4 -
12 5 e C ) ; TH NMR (CDC13 ) 5 4 . 0 0  ( s ,  CH3 , 6 H ) ,  7 . 8 5 - 8 . 4 5  
<m, 3 , 5 - P y H ,  3 H ) ;  I R ( K B r )  1 7 4 0 ,  1 5 7 0 ,  1 2 4 5 ,  1 1 9 5 ,  1 1 4 0 ,  995  
cm- ^ .
NqBH.
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2 , 6 - B i s ( h y d r o x y m e t h y l ) p y r i d i n e . S i m i l a r  t o  p u b l i s h e d
m e t h o d s ,  s o d i u m  b o r o h y d r i d e  ( 1 8 . 9 g ,  O . S m o l )  w as  s l o w l y  
a d d e d  t o  a  s o l u t i o n  o f  2 , 6 - d i c a r b o m e t h o x y p y r i d i n e  ( 1 9 . 5 g ,  
O . I O m o l )  i n  a n h y d r o u s  m e t h a n o l  (500mL)  v i a  a  s o l i d  a d d i t i o n  
f u n n e l .  The  r e a c t i o n  t e m p e r a t u r e  w as  m a i n t a i n e d  b e l o w  50 °C  
w i t h  t h e  a i d  o f  a n  i c e  b a t h .  M e t h a n o l  (30mL) w a s  a d d e d  a n d  
t h e  t e m p e r a t u r e  w as  m a i n t a i n e d  a t  4 5 ° C  w i t h  a n  i c e  b a t h  f o r  
s e v e r a l  h o u r s  u n t i l  t h e  r e a c t i o n  s u b s i d e d .  The  m i x t u r e  was  
t h e n  r e f l u x e d  f o r  10 h o u r s ,  c o o l e d ,  a n d  a c e t o n e  (50mL) w as  
a d d e d .  A f t e r  e v a p o r a t i o n ,  t h e  m i x t u r e  w as  h e a t e d  f o r  1 . 5  
h o u r s  i n  10% s o d i u m  c a r b o n a t e  (40mL) a n d  u p o n  c o o l i n g  t h e  
d i o l  p r e c i p i t a t e d  t o  g i v e  2 , 6 - b i s ( h y d r o x y m e t h y l ) p y r i d i n e ; 
1 3 . 6g ( 9 8 % ) ;  mp 1 1 1 - 1 1 2 ° C . 1 5 9 ' 160
HO OH Cl Cl
244  245
2 , 6 - B i s ( c h l o r o m e t h y l ) p y r i d i n e . 2 , 6 - B i s ( h y d r o x y -  
m e t h y l ) p y r i d i n e  ( 2 4 g ,  0 . 1 7 m o l )  w a s  s l o w l y  a d d e d  t o  t h i o n y l  
c h l o r i d e  (100mL) w h i c h  w as  c o o l e d  t o  0 ° C .  T h e  t e m p e r a t u r e  
w as  m a i n t a i n e d  a t  0° f o r  30 m i n u t e s ,  t h e n  w arm ed  t o  25°C
a n d  r e f l u x e d  f o r  2 . 5  h o u r s .  The  c o n d e n s o r  w a s  r e p l a c e d
w i t h  a  d i s t i l l a t i o n  h e a d  a n d  t h e  e x c e s s  t h i o n y l  c h l o r i d e
w as  r e m o v e d .  The  t h i o n y l  c h l o r i d e  w as  r e m o v e d  ^ n  v a c u o  a n d
t h e  r e s i d u e  w a s  w a s h e d  w i t h  b e n z e n e ,  f i l t e r e d ,  a n d  d r i e d
u n d e r  v a c u u m . -  T h e  p r o d u c t  w as  f r e e d  f r o m  i t s  s a l t  by  t h e
c a r e f u l  a d d i t i o n  o f  10% s o d i u m  b i c a r b o n a t e  ( 3 0 0 m L ) .  The
2 , 6 - b i s ( c h l o r o m e t h y l ) p y r i d i n e  w as  f i l t e r e d ,  d r i e d ,  a n d
r e c r y s t a l l i z e d  [ p e t r o l e u m  e t h e r  ( b p  3 0 - 6 0 ° C ) ]  t o  g i v e  2 4 5 ,
1
a s  a  c r y s t a l l i n e  s o l i d :  2 3 . 1g ( 7 1 . 5 % ) ;  mp 7 4 . 5 - 7 5 . 5 ° C ;  H
NMR (CDC13 ) S 4 . 8 8  ( s ,  CH2 , 4 H ) ,  7 . 2 5 - 7 . 9 5  (m, P yH ,  3 H ) .
r Q l  +  H?   » a J & O j
C ^ C I  ^  j X  -N'Me Me Me Me Me Me
246  247
2 , 6 - D i c h l o r o p y r i d i n e  w i t h  N , N - D i m e t h y l - 3 - h y d r o x y -  
p r o p y l a m i n e . To a  s t i r r e d  s u s p e n s i o n  o f  s o d i u m  h y d r i d e  
( 9 . 6 g ,  0 . 2 m o l )  i n  d r y  x y l e n e ,  N , N - d i m e t h y l - 3 - h y d r o x y -  
p r o p y l a m i n e  ( 2 0 . 6 g ,  0 . 2 m o l )  w as  s l o w l y  a d d e d  u n d e r  
n i t r o g e n .  The  s o l u t i o n  w as  s t i r r e d  a t  2 5 ° C  f o r  30 m i n u t e s  
t h e n ,  2 , 6 - d i c h l o r o p y r i d i n e  ( 1 4 . 8 g ,  0 . 1 m o l )  i n  x y l e n e  
( lOOmL) w a s  a d d e d  d r o p w i s e .  The  r e a c t i o n  w as  r e f l u x e d  f o r  
24 h o u r s ,  c o o l e d ,  a n d  c a r e f u l l y  q u e n c h e d  w i t h  w a t e r .  The 
o r g a n i c  l a y e r  w as  s e p a r a t e d  f r o m  t h e  a q u e o u s  l a y e r ,  d r i e d  
o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  c o n c e n ­
t r a t e d  j in  v a c u o . The  r e s u l t i n g  l i q u i d  w as  d i s t i l l e d  
c o l l e c t i n g  tw o  f r a c t i o n s :
F r a c t i o n  A c o n t a i n e d  t h e  m o n o s u b s t i t u t e d  p r o d u c t  2 4 6 : 
7 1 2mg ( 2 % ) ;  b p  1 2 0 ° C  ( 0 . 3 m m ) ;  1H NMR (CDC13 ) 8  1 . 9 0  (m,
jS-CH ,  2 H ) ,  2 . 2 2  ( s ,  -CH , 6 H ) ,  2 . 4 2  ( t ,  Y-CH , J = 6 . 5  Hz,
$ »
2 H ) ,  4 . 2 8  ( t ,  o -C H 2 , J = 6 . 5  H z ,  2 H ) ,  6 . 6 6  ( d ,  3 -  o r  5 - P y H ,
J = 8  H z ,  1H ) ,  6 . 8 6  ( d ,  5 -  o r  3 - P y H ,  J = 8  H z ,  1 H ) ,  7 . 4 6  ( t ,
4 - P y H ,  J = 8  H z ,  1H) ;  IR  ( n e a t )  3 0 0 0 ,  1 6 0 0 ( b ) ,  1 2 6 0 ,  1 2 4 5 ,
1 1 7 0 ,  1 1 5 0 ,  1 0 5 0 ,  9 5 0  c m " 1 .
A n a l .  C a l c d .  f o r  C H N O IC 1 :  C ,  3 7 . 0 8 ;  H ,  5 . 0 6 ;  N,
11 18 2
7 . 8 6 .  F o u n d :  C ,  3 7 . 3 2 ;  H,  5 . 1 8 ;  N,  7 . 8 3 .
F r a c t i o n  B w as  s h o w n  t o  be  t h e  d i e t h e r  2 4 7 : 2 0 . 5g
( 7 3 % ) ;  b p  14 0 ° C  ( 0 . 3 m m ) ;  1 H NMR (CDC13 ) 5 1 . 9 0  (m, £ -C H 2 , 
4 H ) ,  2 . 2 2  ( s ,  N-CH - 1 2 H ) ,  2 . 4 2  ( t ,  y - C H , J = 6 . 5  H z ,  4 H ) ,
J  a
4 . 2 8  ( t ,  a -C H  , J = 6 . 5  H z ,  4 H ) ,  6 . 2 2  ( d ,  3 , 5 - P y H ,  J = 8  H z,  
“ 2
2 H ) ,  7 . 4 2  ( t ,  4 - P y H , J = 8  H z ,  1 H ) ;  IR  ( n e a t )  2 9 0 0 ,  1 5 9 0 ,
1 2 3 0 ,  1 1 5 0  cm” 1 ; MS (70mV) m / e  281 (M+ , 6 ) ,  85  (C H N ,
5 11
1 0 0 ) .
A n a l .  C a l c d .  f o r  C H N 0  : C 6 4 . 0 6 ;  H,  9 . 6 1 ;  N,
13 » f 3 b
1 4 . 9 5 .  F o u n d :  C ,  6 3 . 9 4 ;  H,  9 . 6 4 ;  N,  1 4 . 8 6 .
r Q l  +
c i A n X ci r *
Me
M MeCl Me
Me Me Me Me Me Me
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2 , 6 - D i c h l o r o p y r i d i n e  w i t h  N , N - D i m e t h y l a m i n o ~ 2 - p r o p a n o l . 
T h e  a b o v e  p r o c e d u r e  w as  f o l l o w e d  e x c e p t  f o r  t h e  s u b s t i t u t ­
i o n  o f  N , N - d i m e t h y l a m i n o - 2 - p r o p a n o l  ( 4 . 1 0 g ,  4 0 m m o l ) .  A f t e r  
w o r k u p ,  t h e  l i q u i d  r e s i d u e  w as  d i s t i l l e d  t o  a f f o r d  tw o  
f r a c t i o n s :
F r a c t i o n  A c o n t a i n e d  t h e  m o n o e t h e r  2 4 8 : 172mg (4%) b p
6 6 ° C  ( 0 . 1 m m ) ;  1H NMR ( C D C l ^  5 1 . 3 0  ( d ,  C-CH3 , J - 6  H z,  3 H ) ,
2 . 2 9  ( s ,  N-CH3 , 6 H ) ,  2 . 4 1  ( d ,  /3-CHA , J  = 5 H z ,  1 H ) ,  2 . 5 4  ( d ,
f i-CHB , J = 6 . 5  H z ,  1 H ) ,  5 . 3 4  (m, a -C H  ,  1 H ) ,  6 . 5 8  ( d ,  3 -  o r  
“  —1
5 - P y H , J - 8  H z ,  1 H ) ,  6 . 8 0  ( d ,  5 -  o r  3 - P y H ,  J = 8  H z ,  1 H ) ,  7 . 4 5  
( t ,  4 - P y H , J = 8  H z ,  1H ) ;  IR  ( n e a t )  3 0 0 0 ,  1 6 0 0 ,  1 2 7 5 ,  1 0 5 0 ,  
9 7 0  cm” 1 ; MS ( 7 0 e V )  rn/e 214  (M+ , 6 ) ,  8 5  (C H N ,  1 0 0 )  .
64
A n a l .  C a l c d .  f o r  C H N 0 C 1 :  C ,  5 6 . 0 7 ;  H,  7 . 0 1 ;  N,
  10 15 2
1 3 . 0 8 .  F o u n d :  C ,  5 5 . 9 4 ;  H,  7 . 0 3 ;  N,  1 2 . 8 8 .
F r a c t i o n  B a f f o r d e d  t h e  d i e t h e r  2 4 9 : 4 . 2 7 g  (76%) b p
1 3 0 0C ( 0 . 3 m m ) ;  NMR (CDC1 ) 5  1 . 3 0  ( d ,  C-CH , J = 6  Hz,
A ^ ^
6 H ) ,  2 . 4 2  ( d ,  /3-CH ,  J = 5  H z ,  2 H ) ,  2 . 5 0  ( s ,  N-CH , 1 2 H ) ,
B ” 3
2 . 5 4  ( d ,  /3-CH , J = 6 . 5  H z ,  2H) , 5 . 2 5  (m, , 2 H ) ,  6 . 2 0
( d ,  3 , 5 - P y H ,  J=B  H z ,  2 H ) ,  7 . 3 7  ( t ,  4 - P y H ,  J = 8  H z,  1 H ) ;  IR
( n e a t )  3 0 0 0 ,  1 6 0 0 ,  1 4 2 5 ,  1 2 6 0 ,  1 0 5 0 ,  7 9 0  cm- 1 ; MS m / e
281 (M+ , 9 ) ,  8 5  { ^ H  N ,  1 0 0 ) .
A n a l .  C a l c d .  f o r  C H N 0  : C 6 4 . 0 6 ;  H,  9 . 6 1 ;  N,
  15 27 3 2
1 4 . 9 5 .  F o u n d ;  C ,  6 4 . 0 2 ;  H, 9 . 4 3 ;  N ,  1 4 . 9 8 .
S h .n 'Me Me Me Me
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2 , 6 - D i c h l o r o p y r i d i n e  w i t h  N , N - D i m e t h y l - 2 - h y d r o x y e t h y l -
a m i n e . The  sam e  p r o c e d u r e  a s  d e s c r i b e d  a b o v e  was  f o l l o w e d
e x c e p t  f o r  t h e  s u b s t i t u t i o n  o f  N , N - d i m e t h y l - 2 - h y d r o x y e t h y l -
a m i n e  ( 1 7 . 8 g ,  0 . 2 m o l ) .  A f t e r  w o r k u p ,  t h e  l i q u i d  r e s i d u e
w as  d i s t i l l e d  t o  a f f o r d  tw o  f r a c t i o n s :
F r a c t i o n  A w as  t h e  l o w - b o i l i n g  m o n o s u b s t i t u t e d
a m i n e  2 5 0 : 601mg (3 % ) ;  b p  8 1 ° C  ( 0 . 1 m m ) ;  *H NMR (CDCl ) 5
2 . 3 2  ( s ,  N-CH , 6 H ) , 2 . 6 9  ( t ,  /3-CH , J = 6  H z ,  2 H ) ,  4 . 3 9  ( t ,  
“ 3 “ 2
a-C H  ,  J - 6  H z ,  2 H ) ,  6 . 6 5  ( d ,  3 -  o r  5 - P y H ,  J = 8  H z ,  1 H ) ,  6 . 8 6  
“ 2
( d ,  5 -  o r  3 - P y H ,  J = 8  H z ,  1 H ) ,  7 . 4 7  ( t ,  4 - P y H ,  J = 8  H z ,  1 H ) ;
/ \  
Me Me
I R  ( n e a t )  3 0 0 0 ,  1 6 1 0 ,  1 5 8 0 ,  1 2 7 5 ,  1 0 7 0  cm- 1 ; MS m / e  2 00
(M+ f 4 ) ,  71 (C4 Hg N, 1 0 0 ) .
A n a l .  C a l c d .  f o r  C9 H1 3 N2 0C 1 :  C ,  5 3 . 8 6 ;  H,  6 . 4 8 ;  N,
1 3 . 9 6 .  F o u n d :  C ,  5 3 . 7 3 ;  H,  6 . 4 2 ;  N,  1 3 . 7 8 .
F r a c t i o n  B w as  t h e  d i e t h e r  2 5 1 ; 2 1 . 5 g  ( 8 5 % ) ;  b p  1 2 5°C
( 0 . 3 m m ) ;  1H NMR (CDCl ) 8 2 . 3 2  ( s ,  N-CH , 1 2 H ) ,  2 . 6 9  ( d ,
3 3
/9-CH , J - 6  H z ,  4 H ) ,  4 . 3 9  ( t ,  a -CH ,  J = 6  H z ,  4 H ) ,  6 . 2 9  ( d ,
A b
3 , 5 - P y H ,  J = 8  H z ,  2 H ) ,  7 . 4 3  ( t ,  4 - P y H ,  J = 8  H z ,  1 H ) ;  1 3 C NMR
(200M H z,  CDCl ) 8 4 5 . 7 0  (-CH ) ,  5 8 . 1 4  (N-CH ) ,  6 3 . 4 6  
3 3 2
( 0 - C H 2 ) ,  1 0 1 . 6 5  ( 3 , 5 - C ) ,  1 4 0 . 6 1  ( 4 - C ) ,  1 6 2 . 2 9  ( 2 , 6 - C ) ;  IR
( n e a t )  3 0 0 0 ,  1 6 0 0 ,  1 2 6 0 ,  1 2 4 5 ,  1 1 7 0 ,  1 0 7 5  cm” 1 ; MS m / e
2 5 3  (M+ , 9 ) ,  71 (C4 Hg N ,  1 0 0 ) .  -
A n a l .  C a l c d .  f o r  C H N O  ( 2 5 3 ) :  C ,  6 1 . 6 6 ;  H,  9 . 0 9 ;
  13 23 3 2
N ,  1 6 . 6 0 .  F o u n d :  C ,  6 1 . 6 8 ;  H,  9 . 1 6 ;  N,  1 6 . 3 4 .
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5 , 5 , 1 0 , 1 0 - T e t r a m e t h y l - 1 5 < 0 ( 2 , 6 ) p y r i d i n o , O N + 0 , 2 . 4 . 2 -, . 2 —
c o r o n a n d - 5 > d i i o d i d e  ( 2 5 2 ) . S t e p  A . A s o l u t i o n  o f  b i s - 2 , 6 -  
[ 2 - ( N , N ’ - d i m e t h y l a m i n o j e t h o x y ] p y r i d i n e  ( 7 1 0 m g ,  2 . 8  mmol)  
a n d  1 , 4 - d i i o d o b u t a n e  ( 8 6 5 m g ,  2 . 8 m m o l )  i n  e t h a n o l  (500mL) 
w as  r e f l u x e d  u n d e r  n i t r o g e n  f o r  t h r e e  d a y s .  T h e  s o l u t i o n  
w as  c o o l e d  a n d  t h e  s o l v e n t  w as  r e m o v e d  I n  v a c u o . The  c r u d e  
p r o d u c t  w as  d e m e t h y l a t e d  w i t h o u t  p u r i f i c a t i o n .
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5 , 1 0 - D i m e  t h y l - 1 5 < 0 (  2 , 6 ) p y r i d i n o , O N 2 , 2 . 4 , 2 - c o r o n a n d - 5 >
( 2 5 3 ) . S t e p  B . The  d i q u a t e r n a r y  c o r o n a n d  ( 1 . 5 g ,  2 . 8 m m o l )  
i n  L - S e l e c t r i d e ®  (30mL) w as  r e f l u x e d  f o r  tw o  h o u r s ,  t h e n  
c o o l e d  a n d  c a r e f u l l y  q u e n c h e d  w i t h  6 N h y d r o c h l o r i c  a c i d  
{ 2 0 m L ) .  T h e  t w o  p h a s e  s y s t e m  w a s ,  s u b s e q u e n t l y ,  e x t r a c t e d  
w i t h  d i c h l o r o m e t h a n e  (2  X 50mL) a n d  t h e  c o m b i n e d  o r g a n i c  
e x t r a c t  was  d i s c a r d e d .  The  a q u e o u s  l a y e r  was  n e u t r a l i z e d  
w i t h  6 N s o d i u m  h y d r o x i d e  a n d  e x t r a c t e d  w i t h  d i c h l o r o ­
m e t h a n e  (2  X 1 0 0 m L ) .  The  o r g a n i c  e x t r a c t  was  d r i e d  o v e r  
a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  i n  
v a c u o  t o  g i v e  a  r e s i d u e  w h i c h  w as  c h r o m a t o g r a p h e d  (ThLC) o n  
a l u m i n a .  E l u t i o n  w i t h  c h l o r o f o r m  a f f o r d e d  t h e  m a c r o c y c l e  
2 5 3 ; 105mg ( 1 3 . 5 % ) ;  mp 4 5 - 4 6 ° C ;  Rf = 0 . 3 0 ;  1H NMR <CDC13 ) 5
1 . 4 8  (m, 5 -CH 2 , 4 H ) ,  2 . 3 2  ( s ,  N-CH3 , 6 H ) ,  2 . 4 3  (m, V-CH2 ,
4 H ) ,  2 . 7 5  ( t ,  /3-CH 2 ,  J = 6  H z ,  4 H ) ,  4 . 3 7  ( t ,  a - C H 2 , J = 6  H z ,  
4 H ) ,  6 . 3 3  ( d ,  3 , 5 - P y H ,  J = 8  H z ,  2 H ) ,  7 . 4 3  ( t ,  4 - P y H ,  J = 8  H z ,  
1 H ) ;  IR  ( K B r ) 2 9 8 0 ,  1 5 9 5 ,  1 4 3 0 ,  1 0 4 5 ,  1 0 6 0 ,  7 9 5  c m " 1 ;
MS m / e  2 7 9  (M+ , 5 0 ) ,  112  ( C c Hi;N0o , 1 0 0 ) .O O 2----------
A n a l .  C a l c d .  f o r  C i c H . eN . 0 o : C ,  6 4 . 5 2 ;  H,  8 . 9 6 ;  N ,  l b  Zb J z
1 5 . 0 5 .  F o u n d :  C ,  6 4 . 6 6 ;  H ,  8 . 7 2 ;  N ,  1 4 . 8 8 .
S " Tyf I 2> "L-S.t«irid«" C n  n >
« e V ^ / V  I 1 W I
5 , 1 0 - D i m e t h y l < N [ 0 ( 2 , 6 ) p y r i d i n o f O ] N - 2 . 4 ^ . 2 - c r y p t a n d -  
5 > . Q u a t e r n i z a t i o n  o f  253  ( 1 7 2 m g r 0 . 6 0  mm ol)  w i t h  1 , 4 - d i -  
i o d o b u t a n e  ( 1 9 1 m g ,  0 . 6 0 m m o l )  i n  a b s o l u t e  e t h y l  a l c o h o l  ( 2 5 0  
mL) u n d e r  n i t r o g e n  w as  p e r f o r m e d  i n  t h e  same m a n n e r  a s  
p r e v i o u s l y  d e s c r i b e d .  A f t e r  w o r k u p ,  t h e  c r u d e  p r o d u c t  
r e f l u x e d  w i t h  L - S e l e c t r i d e ®  (25mL) f o r  tw o  h o u r s  a n d  w o r k e d  
u p  a s  p r e v i o u s l y  d e s c r i b e d .  The c r u d e  p r o d u c t  w as  c h r o ­
m a t o g r a p h e d  (ThLC) o n  a l u m i n a .  E l u t i o n  w i t h  c h l o r o f o r m  
a f f o r d e d  2 5 3 ,  a c c o r d i n g  t o  NMR a n d  TLC a n a l y s i s .
5 , 5 , 1 4 , 1 4 - T e t r a m e t h y l - 1 9 < 0 ( 2 , 6 ) p y r i d i n o , 0 N +0  N+ -
2
c o r o n a n d - 7 > d i i o d i d e  ( 2 5 4 ) . A m i x t u r e  o f  1 , 2 - b i s  ( / 3 - i o d o -  
e t h o x y  J e t h a n e  ( 2 . 9 2 g ,  7 . 9 m m o l )  a n d  b i s - 2 , 6 - [ 2 - ( N , N - d i -  
m e t h y l a m i n o ) e t h o x y ] p y r i d i n e  ( 2 . 0 g ,  7 . 9 m m o l )  i n  a c e t o n i t r i l e  
w a s  r e f l u x e d  f o r  72  h o u r s ,  a n d  a f t e r  c o o l i n g  t h e  s o l v e n t  
w a s  r e m o v e d  i n  v a c u o . T h e  c r u d e  p r o d u c t  2 54  ( 4 . 6 3 g )  mp 
2 0 8 - 2 0 9 °C ( d e c ) ;  ] h NMR (D O) S 3 . 2 5  ( s ,  NMe2 ) w a s  
d e m e t h y l a t e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
+ l A A J  ^
>N®  ® N A , e
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S t e p  B.  5 , 1 4 - D i m e t h y l - l 9 < 0 { 2 , 6 ) p y r i d i n o , 0 N 0 2 N -  
c o r o n a n d - 7 >  ( 2 5 5 ) . M e th o d  A . T h i o p h e n o x i d e  A n i o n . 
T h i o p h e n o x i d e  w as  g e n e r a t e d  b y  c a r e f u l  a d d i t i o n  o f  
t h i o p h e n o l  ( 2 4 0 m g f 2mmol)  i n  a n h y d r o u s  b e n z e n e  (50mL) t o  a 
s u s p e n s i o n  o f  s o d i u m  h y d r i d e  (5 6 m g ,  2mmol)  i n  b e n z e n e  
( 2 5 m L ) . The  m i x t u r e  w as  s t i r r e d  f o r  s e v e r a l  h o u r s  a t  2 5 ° C ,  
t h e n  2 54  ( 7 4 0 m g ,  2mmol)  i n  2 - b u t a n o n e  (25mL) w a s  a d d e d  
d r o p w i s e .  T h e  r e a c t i o n  w as  r e f l u x e d  f o r  36  h o u r s .  A f t e r  
c o o l i n g ,  h y d r o c h l o r i c  a c i d  (3 N ,  10mL) w a s  a d d e d ,  a n d  t h e  
s o l u t i o n  w as  e x t r a c t e d  w i t h  m e t h y l e n e  c h l o r i d e  {2 X 2 0 m L ) .  
T h e  a q u e o u s  l a y e r  w as  t h e n  n e u t r a l i z e d  w i t h  s o d i u m  
h y d r o x i d e  a n d  e x t r a c t e d  w i t h  m e t h y l e n e  c h l o r i d e  (2  X 5 0 m L ) . 
T h e  c o m b i n e d  o r g a n i c  e x t r a c t  was  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  in  v a c u o . No 
d e m e t h y l a t e d  p r o d u c t s  c o u l d  be  d e t e c t e d  f o r m  t h e  o r g a n i c  
e x t r a c t s .
M e t h o d  B . L - S e l e c t r i d e ® . To a  s u s p e n s i o n  o f  2 5 4  ( 2 g ,  
4 . 7 3 m m o l )  i n  t e t r a h y r d r o f u r a n  ( 2 5 m L ) ,  L - S e l e c t r i d e ®  (30mL) 
w a s  a d d e d  d r o p w i s e  u n d e r  n i t r o g e n .  A f t e r  a d d i t i o n ,  t h e  
r e a c t i o n  w as  r e f l u x e d  f o r  tw o  h o u r s ,  c o o l e d ,  a n d  c a r e f u l l y  
q u e n c h e d  w i t h  6N h y d r o c h l o r i c  a c i d  ( 2 0 m L ) .  The  t w o  p h a s e
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s y s t e m  w as  s u b s e q u e n t l y  e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  (2 X
50mL) a n d  t h e  o r g a n i c  e x t r a c t  w as  d i s c a r d e d .  T h e  a q u e o u s
l a y e r  w as  n e u t r a l i z e d  w i t h  6N s o d i u m  h y d r o x i d e  a n d  was
e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  (2  X 10 0 m L ) .  The  o r g a n i c
e x t r a c t  w a s  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,
f i l t e r e d ,  a n d  c o n c e n t r a t e d  jura v a c u o  t o  g i v e  a  r e s i d u e  w h i c h
w as  c o l u m n  c h r o m a t o g r a p h e d  o n  n e u t r a l  a l u m i n a .  S e q u e n t i a l
e l u t i o n  w i t h  c y c l o h e x a n e / e t h y l  a c e t a t e  ( 1 : 1 )  f o l l o w e d  by
m e t h y l e n e  c h l o r i d e  g a v e  t h e  1 :1  m a c r o c y c l e  2 55  a s  a
c o l o r l e s s  o i l :  271mg ( 4 0 % ) ;  1 H NMR (200MHz,  CDCl3 ) S 2 . 4 1
( s ,  N -C H  ,  6 H ) ,  2 . 7 1  ( t ,  y -C H  ,  J = 6  H z ,  4 H ) , 2 . 8 7  ( t ,
“ 3 “ 2
/3-CH , J = 6 . 5  H z ,  4 H ) ,  3 . 5 4  ( S , '  f -CH , 4 H ) ,  3 . 5 5  ( t ,  S-CH ,
2 2 2
J = 6  H z ,  4 H ) ,  4 . 4 6  ( t ,  « “ CH2 , J = 6 . 5  H z ,  4 H ) ,  6 . 2 7  ( d ,
3 , 5 - P y H , J = 8  H z ,  2 H ) ,  7 . 3 9  ( t ,  4 - P y H ,  J = 8  H z ,  1 H ) ;  IR
( n e a t )  1 5 9 0 ,  1 2 5 5 ,  1 1 5 0 ,  1 0 6 0 ,  970  cm- 1 ; MS m / e  339
(M+ , 1 1 ) ,  70  (C H N, 1 0 0 ) .
4 8
A n a l . C a l c d .  f o r  C H N O : C ,  6 0 . 1 7 ;  H,  8 . 5 5 ;  N,
I / J  4
1 2 . 3 9 .  F o u n d :  C ,  5 9 . 8 9 ;  H, 8 . 3 0 ;  N,  1 2 . 2 6 .
5 , 1 4 - D i m e t h y l < N + [ 0 ( 2 , 6 ) p y r i d i n o , Q ] [ 0 ^ ] ^ N * c r y p t a n d - 9 > -  
d i i o d i d e  ( 2 5 6 ) . S t e p  A . The  q u a t e r n i z a t i o n  p r o c e d u r e  o f  
m a c r o c y c l e  2 55  ( 1 . 0 5 g ,  3 . 1 m m o l )  w i t h  1 , 2 - b i s ( j 3 - i o d o e t h o x y ) -
M
+ l A A J
255 2 5 6
e t h a n e  ( 1 . 1 5 g ,  3 . 1 m m o l )  g a v e  5 , 1 4 - d i m e t h y l < N + [ 0 ( 2 , 6 ) -  
p y r i d i n o , 0 ] [ O ^ ] 2 N +- c r y p t a n d - 9 > d i i o d i d e :  mp 2 3 2 - 2 3 3 ° C
( d e c ) ?  NMR (D2 0 )  8 3 . 3 7  ( s ,  N-Me) .
Mb'
0 "L'Selectride1 
TH F, A  *
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S t e p  B . < N (Q (2 , 6 ) p y r i d i n o , Q ] ] 2N - c r y p t a n d - 9 >  ( 2 5 7 ) . 
M a c r o c y c l e  2 5 6  w as  r e d u c e d  w i t h  L - S e l e c t r i d e ®  ( 3 0 m L ) ,  a n d  
a f t e r  s t a n d a r d  w o r k u p  t h e  s o l u t i o n  w as  c o o l e d  a n d  c a r e f u l l y  
q u e n c h e d  w i t h  6N h y d r o c h l o r i c  a c i d  ( 2 0 m L ) .  T h e  tw o  p h a s e  
s y s t e m  w as  s u b s e q u e n t l y  e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  (2 X 
100mL) a n d  t h e  c o m b i n e d  o r g a n i c  e x t r a c t  was  d r i e d  o v e r  
a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  i n  
v a c u o  t o  g i v e  a  r e s i d u e ,  w h i c h  was  c o l u m n  c h r o m a t o g r a p h e d  
o n  n e u t r a l  a l u m i n u m  o x i d e  ( e l u t i o n  w i t h  c y c l o h e x a n e / e t h y l  
a c e t a t e  ( 1 : 1 ) ,  t h e n  m e t h y l e n e  c h l o r i d e ) .  The  e l u e n t  was  
f u r t h e r  p u r i f i e d  b y  c h r o m a t o g r a p h y  (ThLC) o n  n e u t r a l  
a l u m i n u m  o x i d e .  E l u t i o n  w i t h  c y c l o h e x a n e / e t h y l  a c e t a t e  
( 1 : 1 )  g a v e  c r y p t a n d  2 5 7 , a s  a  c o l o r l e s s  o i l :  184mg ( 1 4 % ) ;
1H NMR (200M H z,  CDC13 ) 8 2 . 8 2  ( t ,  V - C H ^  J = 6  H z ,  8 H ) ,  2 . 9 3  
( t ,  j3“ CH2 , J  = 7 H z ,  4 H ) ,  3 . 5 9  ( t ,  8 -C H 2 , J = 6  H z ,  8 H ) ,  3 . 6 4  
( s ,  f ~CH2 , 8 H ) ,  4 . 4 9  ( t ,  a - C H 2 , 4 H ) ,  6 . 2 7  ( d ,  3 , 5 - P y H ,  J = 8  
H z ,  2 H ) ,  7 . 4 6  ( t ,  4 - P y H ,  J = 8  H z ,  1 H ) ;  IR  ( n e a t )  2 9 8 0 ,  2 9 1 0 ,
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1 5 8 0 ,  1 5 5 5 ,  1 4 3 5 ,  1 4 5 5 ,  1 3 1 0 ,  1 2 3 0 ,  1 1 5 0 ,  1 0 2 0 ,  7 8 0
c m " 1 ; MS m / e  4 2 5  (M+ , 1 8 ) ,  69 ( C ^ N ,  1 0 0 ) .
A n a l .  C a l c d .  f o r  C ,  5 9 . 2 9 ;  H,  8 . 2 4 ;  N,J o  J  o
9 . 8 8 .  F o u n d :  C ,  5 9 . 0 8 ;  H,  8 . 0 2 ;  N,  1 0 . 0 7 .
2 58
NoH
MeN
2 5 9
IMe MeN:
A t t e m p t e d  P r e p a r a t i o n  o f  ' 5 , 1 5 - D i m e t h y l - 2 0 < [ 0 ( 2 , 6 ) -  
p y r i d i n o , Q , N ] ^ - c o r o n a n d - 8 >  ( 2 6 1 ) . M e th o d  A. To a  s t i r r e d  
s u s p e n s i o n  o f  s o d i u m  h y d r i d e  ( 1 . 9 6 g ,  4 0minol)  i n  d r y  x y l e n e  
( 1 0 0 m L ) ,  a m i n e  258  ( 2 . 3 8 g ,  20m m ol)  i n  x y l e n e  (50mL) w a s  
a d d e d  d r o p w i s e  f o r  o n e  h o u r  a t  2 5 ° C  u n d e r  n i t r o g e n .  T h e n
2 , 6 - d i c h l o r o p y r i d i n e  ( 2 . 9 6 g ,  20m m ol)  i n  x y l e n e  ( lOOmL) w as  
s l o w l y  a d d e d .  The  r e a c t i o n  w as  r e f l u x e d  f o r  72  h o u r s ,  
c o o l e d ,  a n d  c a r e f u l l y  q u e n c h e d  w i t h  w a t e r .  A f t e r  t h e  
s o l v e n t  w as  r e m o v e d  _in v a c u o , t h e  r e s u l t i n g  s o l i d  w as  
w a s h e d  w i t h  m e t h y l e n e  c h l o r i d e  (3  X 1 0 0 m L ) ,  d r i e d  o v e r  
a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  a n d  c o n c e n t r a t e d  ir\ v a c u o . The  
c r u d e  p r o d u c t s  w e r e  p u r i f i e d  by  c h r o m a t o g r a p h y  (ThLC )  o n  
s i l i c a  g e l .  E l u t i o n  w i t h  10% e t h a n o l  i n  c h l o r o f o r m  
a f f o r d e d  tw o  f r a c t i o n s :
F r a c t i o n  A a f f o r d e d  a n  o p e n - c h a i n  c o m p o u n d  2 5 9 ; 126mg
( 1 . 8 % ) ;  Rf = 0 . 7 1 ;  mp 5 6 ° C ;  1 H NMR (CDC13 ) S 2 . 4 8  ( S ,  N-CH3 ,
3 H ) , 2 . 9 2  ( t ,  jS-CH^ , J = 5  H z ,  4 H ) ,  4 . 4 6  ( t ,  a -C H 2 , J = 5  H z,
4 H ) ,  6 . 6 4  ( d ,  3 - P y H ,  J = 8  H z ,  2 H ) ,  6 . 8 7  ( d ,  5 - P y H ,  J = 8  H z,
2 H ) , 7 . 5 0  ( t ,  4 - P y H ,  J = 8  H z ,  2 H ) ;  IR  ( K B r ) 2 9 6 0 ,  2 7 6 0 ,
1 5 7 5 ,  1 3 5 0 ,  1 2 8 5 ,  1 2 5 5 ,  1 1 5 0 ,  9 4 0 ,  8 5 5 ,  7 8 0  cm- 1 .
A n a l . C a l c ,  f o r  C H N 0  C l  : C ,  5 2 . 6 3 ;  H, 4 . 7 9 ;  N,
I «J I f J  b b
1 2 . 8 8 .  F o u n d :  C ,  5 2 . 4 0 ;  H,  4 . 6 9 ;  N,  1 2 . 6 3 .
F r a c t i o n  B w as  2 6 0 ; 784mg ( 2 2 % ) ;  mp 7 7 - 7 8 ° C ;  R ^ = 0 . 5 4 ;  
1H NMR (CDCl ) 5 2 . 4 8  ( S ,  N-CH ,  6 H ) ,  2 . 9 6  ( t ,  jS, /3 ' -CH ,
^ J  b
J = 6  H z ,  8 H ) ,  4 . 4 2  ( t ,  « “ CH2 , J = 6  H z ,  8 H ) ,  4 . 4 6  ( t ,  a ' - C I ^ ,
J = 6  H z ,  8 H ) ,  6 . 2 8  ( d ,  3 , 5 - P y H ,  J = 8  H z ,  2 H ) ,  6 . 6 4  ( d ,  3 ' -  o r
5 ’ - P y H ,  J = 8  H z ,  2 H ) ,  6 . 8 8  ( d ,  5 ’ -  o r  3 ' - P y H ,  J = 8  H z ,  2 H ) ,
7 . 4 5  ( t ,  4 - P y H ,  J = 8  H z ,  1 H ) ,  7 . 5 0  ( t ,  4 ' - P y H ,  J = 8  H z ,  2 H ) ;
IR  (K B r)  2 9 5 5 ,  2 7 6 0 ,  1 5 6 5 ,  1 2 5 5 ,  1 1 5 0 ,  7 8 0  cm- 1 .
A n a l .  C a l c d .  f o r  C . H  N O C l „ :  C ,  5 5 . 9 7 ;  H, 5 . 7 8 ;  N,—  25 31 5 4 2
1 3 . 0 6 .  F o u n d :  C ,  5 5 . 6 2 ;  H, 5 . 5 4 ;  N,  1 2 . 8 8 .
+ c
Cl N Cl f
^ O H
2 5 8
NaH
DMF MeN
25 9
+ NMe MeN:
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5 , 1 5 - D i m e t h y l - 2 0 < [ Q ( 2 , 6 ) p y r i d i n o , 0 , N ] 2 ~ c o r o n a n d - 8 >
( 2 6 1 ) . M e t h o d  B . A s u s p e n s i o n  o f  o i l - f r e e  s o d i u m  h y d r i d e  
( 1 . 9 6 g ,  4 0 m m o l ) ,  N - m e t h y l d i e t h a n o l a m i n e  ( 2 . 3 8 g ,  2 . 3 m L ,
93
2 0 m m o l ) ,  a n d  2 , 6 - d i c h l o r o p y r i d i n e  ( 2 . 9 6 g ,  2 0m m ol)  i n  
DMF (700m L )  w a s  s t i r r e d  u n d e r  n i t r o g e n  f o r  8 4  h o u r s  a t  
5 0 " C .  A f t e r  c o o l i n g ,  w a t e r  was  a d d e d  a n d  t h e  s o l v e n t  was  
r e m o v e d  i j i  v a c u o . The  r e s u l t i n g  r e s i d u e  was  w a s h e d  w i t h  
m e t h y l e n e  c h l o r i d e  (4 X 1 0 0 m L ) f f i l t e r e d ,  a n d  c o n c e n ­
t r a t e d  i n  v a c u o . The  r e s i d u e  w as  c h r o m a t o g r a p h e d  (ThLC) on  
s i l i c a  g e l .  E l u t i o n  w i t h  10% e t h a n o l  i n  c h l o r o f o r m  g a v e  
t w o  p r o d u c t s :
F r a c t i o n  A w a s  259  a s  f o u n d  f r o m  p r o c e d u r e  A, a c c o r d ­
i n g  t o  TLC a n d  NMR.
F r a c t i o n  B w as  d i m e r  2 6 1 , a  w h i t e  s o l i d ;  375  mg 
( 4 . 8 % ) ;  R ^ = 0 . 6 8  ( s i l i c a  10% e t h a n o l  i n  c h l o r o f o r m ) ;  mp 
4 1 - 4 2 ° C ;  1H NMR (CDC13 > 8  2 . 4 9  ( s ,  N-CH3 , 6 H ) ,  2 . 8 7  ( t ,  
)9-CH2 , J = 6  H z ,  8 H ) ,  4 . 4 0  ( t ,  “ ~CH2 , J = 6  H z ,  8 H ) ,  6 . 2 3  ( d ,
3 , 5 - P y H ,  J = 8  H z ,  4 H ) ,  7 . 4 0  ( t ,  4 - P y H ,  J = 8  H z,  2 H ) ;  IR  (K Br)  
2 9 7 0 ,  2 7 6 5 ,  2 7 9 0 ,  1 5 8 0 ,  1 5 4 0 ,  1 4 3 0 ,  1 2 5 5 ,  1 1 6 0 ,  790  
cm- 1 ; MS m / e  3 8 8  (M+ , 8 ) ,  83  (C^Hg N , 1 0 0 ) .
A n a l . C a l c d .  f o r  c 2 o H28N4 ° 4 : Cf 6 1 *86 ;  H'  7 *2 2 ? N'
1 4 . 4 3 .  F o u n d :  C ,  6 1 . 5 9 ;  H,  7 . 1 1 ;  N, 1 4 . 2 0 .
L n n n i
I A A }
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5 , 1 5 - D i m e t h y l < N + [ 0 { 2 , 6 ) p y r i d i n o , 0 ]  [0  ] N+ c r y p t a n d - l 0 > -
2 2
d i i o d i d e  ( 2 6 2 ) . A m i x t u r e  o f  c o r o n a n d  ( 2 7 6 m g ,  0 . 7 m m o l )  a n d  
t h e  1 , 2 - b i s ( / 3 - i o d o e t h o x y ) e t h a n e  ( 2 6 3 m g ,  0 . 7 m m o l )  i n  a c e t o -  
n i t r i l e  {750mL) w a s  r e f l u x e d  f o r  72  h o u r s .  A f t e r  c o o l i n g ,  
t h e  s o l v e n t  w as  r e m o v e d  ^ n  v a c u o  a n d  t h e  c r u d e  p r o d u c t  was  
d r i e d  i n  v a c u o , a f f o r d i n g  t h e  c r u d e  b i s - q u a t e r n a r y  s a l t  
w h i c h  was  d e m e t h y l a t e d .
< N [ 0 ( 2 , 6 ) p y r i d i n o , 0 ]  [ 0 ] N - c r y p t a n d - 1 0 >  ( 2 6 3 ) . A f t e r2 £
r e f l u x i n g  t h e  b i s - q u a t e r n a r y  c o m p o u n d  2 6 2  (SOOmg, 0 . 7 m m o l )
i n  a  t e t r a h y d r o f u r a n  s o l u t i o n  o f  L - S e l e c t r i d e ®  (25mL) f o r
tw o  h o u r s ,  t h e  s o l u t i o n  w as  c o o l e d ,  h y d r o l y z e d  w i t h  3N
h y d r o c h l o r i c  a c i d  ( 1 0 m L ) ,  a n d  e x t r a c t e d  w i t h  m e t h y l e n e
c h l o r i d e  {3 X 5 0 m L ) . The  a q u e o u s  l a y e r  was  n e u t r a l i z e d
w i t h  s o d i u m  h y d r o x i d e  (3N) a n d  e x t r a c t e d  w i t h  m e t h y l e n e
c h l o r i d e  {3 X 5 0 m L ) . T he  m e t h y l e n e  c h l o r i d e  w as  r e m o v e d  i n
v a c u o ,  a n d  t h e  p r o d u c t  w as  c h r o m a t o g r a p h e d  (ThLC) b y
e l u t i o n  w i t h  c y c l o h e x a n e / e t h y l  a c e t a t e  ( 4 : 1 )  t o  a f f o r d  t h e
c r y p t a n d  3 2 2  a s  a n  o i l y  s o l i d :  12mg ( 0 . 3 % ) ;  R ^ = 0 . 3 2 ;
NMR (200M H z,  CDCl ) $ 2 . 9 2  ( t ,  / -C H  ,  J = 6  H z ,  4 H ) ,  3 . 0 0  ( t ,
3 “ 2
/5-CI^  ,  J = 6 . 7 H z ,  8 H ) ,  3 . 6 1  ( t ,  8 - C j ^  ,  J = 6  H z ,  4 H ) ,  3 . 6 4  ( s ,
L~ S electride
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f—CH r 4 H ) ,  4 . 3 4  ( t ,  a-CH ,  J = 6 . 7  H z ,  8 H ) f 6 . 2 3  ( d ,  3 , 5 -  
P y H ,  J = 8  H z ,  4 H ) ,  7 . 4 0  ( t ,  4 - P y H ,  0 = 8  H z ,  2 H ) .
< N [ 0 ( 2 , 6 ) P y r i d i n o , Q ] ^ N - c r y p t a n d - 1 1> ( 2 6 4 ) . To a 
m i x t u r e  o f  t r i e t h a n o l a m i n e  ( 1 . 5 g ,  lOmmol)  a n d  o i l - f r e e  
s o d i u m  h y d r i d e  ( 1 . 4 4 g ,  30mmol)  i n  x y l e n e  ( 5 0 0 m L ) ,
2 , 6 - d i c h l o r o p y r i d i n e  ( 2 . 2 2 g ,  15mmol)  i n  x y l e n e  (100mL)  w a s  
a d d e d  d r o p w i s e .  The  s o l u t i o n  was  r e f l u x e d  f o r  72  h o u r s ,  
a f t e r  w h i c h ,  t h e  s o l u t i o n  was  c o o l e d  a n d  c a r e f u l l y  q u e n c h e d  
w i t h  w a t e r .  T h e  o r g a n i c  e x t r a c t  w as  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  ^ n  v a c u o  t o  
g i v e  a  c r u d e  p r o d u c t  w h i c h  w as  t r i t u r a t e d  w i t h  c y c l o ­
h e x a n e / e t h y l  a c e t a t e  { 2 : 1 )  a n d  f i l t e r e d .  The  r e s u l t a n t  
s o l i d  w as  r e c r y s t a l l i z e d  f r o m  a  m i x t u r e  o f  c h l o r o f o r m  a n d  
e t h y l  a l c o h o l  t o  a f f o r d  2 6 4 ,  a s  c o l o r l e s s  c r y s t a l s :  140mg
( 3 % ) ;  mp 2 2 8 ° C  ( d e c ) ;  1 H NMR (200M Hz,  C D C l ^  8  3 . 0 8  ( t ,  
£ - C H  , J = 6  H z,  1 2 H ) ,  4 . 3 2  ( t ,  a -CH , J = 8  H z ,  1 2 H ) ,  6 . 1 3  ( d ,
Z
3 , 5 - P y H ,  J = 8  H z ,  6 H ) ,  7 . 3 0  ( d ,  4 - P y H ,  J = 8  H z ,  3 H ) ;  13 C NMR
(200M H z,  CDCl ) 8 5 5 . 0 9  (N-CH ) ,  6 5 . 4 2  (O-CH ) ,  1 0 1 . 6 5  
j  z z
( 3 , 5 - C ) ,  1 4 1 . 0 0  {4 - C ) ,  1 6 2 . 2 1  ( 2 , 6 - C ) ;  I R  (K B r)  1 5 8 0 ,  1 2 5 0 ,  
1145  cm- 1 ; UV (CH3 CN) Amax 276  ( 3 . 1 0  X 10 6 ) ,  2 5 8
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5 5 ---
A n a l .  C a l c d .  f o r  C H N 0  : C ,  6 1 . 9 5 ;  H,  6 . 3 1 ;  N,
  27 33 5 6
1 3 . 2 8 .  F o u n d :  C ,  6 1 . 8 4 ;  H, 6 . 4 2 ;  N ,  1 3 . 2 6 .
J P l
r - 0  (J—x
V-N+ +H-)
E ,° H’ 4  Ud U h \ z l
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6 . 6 . 1 1 . 1 1 - T e t r a m e t h y l - 1 7 < Q ( 2 , 6 ) p y r i d i n o  ,ON+ . . 3 . 4 . 3 -  
c o r o n a n d - 5 > d i i o d i d e  ( 2 6 5 ) . %The  sam e  q u a t e r n i z a t i o n  
p r o c e d u r e  was  f o l l o w e d  e x c e p t  b i s - 2 , 6  [ 3 - ( N , N ~ - d i m e t h y l -  
a m i n o ) p r o p o x y ] p y r i d i n e  ( 1 g ,  3 . 6 m m o l )  w as  u s e d .  A f t e r  
c o o l i n g ,  t h e  s o l v e n t  w as  r e d u c e d  t o  75mL, u p o n  w h i c h  w h i t e  
p r e c i p i t a t e  f o r m e d .  T he  p r e c i p i t a t e  w as  f i l t e r e d  a n d  d r i e d  
i n  v a c u o  t o  a f f o r d  2 6 5  ( 1 . 1 6 g ) ,  w h i c h  was  d i r e c t l y  
d e m e t h y l a t e d .
" L -S e le c tr id e "
(  + + >  >  (  )  266
V - N  N - V  T H F , A V - N  N — f  =
. / O S * .
6 . 1 1 - D i m e t h y l - 17 < 0 ( 2 , 6 ) p y r i d i n o , O N  - 3 . 4 . 3 - c o r o n a n d - 5 >
1 " " 1 1 " — " n * 2 ' 1 1 ™
( 2 6 6 ) . The  g e n e r a l  d e m e t h y l a t i o n  p r o c e d u r e  was  e m p l o y e d  
e x c e p t  2 6 5  ( 1 . 1 6 g ,  1 . 9 6 m m o l )  w a s  u s e d .  T h e  c r u d e  p r o d u c t  
w a s  c h r o m a t o g r a p h e d  (ThLC) o n  a l u m i n a .  E l u t i o n  w i t h
c h l o r o f o r m  g a v e  2 6 6 , a s  a  w h i t e  p o w d e r :  120mg ( 2 0 % ) ;  mp
1H ) ;  IR  (K B r)  2 9 6 0 ,  1 5 8 5 ,  1 5 5 0 ,  1 4 4 0 ,  1 2 5 0 ,  1 1 4 0 ,  780
A t t e m p t e d  P r e p a r a t i o n  o f  6 , 1 1 - D i m e t h y l < N [ 0 ( 2 , 6 ) p y r -  
i d i n o , 0 ] N - 3 . 4 ^ . 3 - c r y p t a n d - 5 > d i i o d i d e . Q u a t e r n i z a t i o n  o f  
2 6 6  ( 2 4 0 m g ,  0 . 7 8 m m o l )  w i t h  1 , 4 - d i i o d o b u t a n e  (2 1 6 m g ,  
0 . 7 8 m m o l )  i n  a n h y d r o u s  e t h y l  a l c o h o l  (250mL)  u n d e r  n i t r o g e n  
w a s  p e r f o r m e d  a s  d e s c r i b e d  a b o v e .  A f t e r  w o r k u p ,  t h e  c r u d e  
p r o d u c t  w as  d e m e t h y l a t e d  w i t h  L - S e l e c t r i d e ®  (25mL) b y  r e -  
f l u x i n g  f o r  tw o  h o u r s .  The  c r u d e  p r o d u c t  was  c h r o m a t o ­
g r a p h e d  (ThLC) o n  a l u m i n a  e l u t i n g  w i t h  c h l o r o f o r m  t o  a f f o r d  
2 6 6 ,  t h e  s t a r t i n g  m a t e r i a l .
4 1 - 4 2 ° C ;  Rf = 0 . 2 8 ;  ’ h  NMR (CDCLj)  6 2 . 1 7  (m, <“ CH2 , 4 H ) ,
2 . 6 2  (m, /3-CH2 , 4 H ) ,  2 . 9 0  ( S ,  N-CH3 , 6 H ) ,  3 . 0 1  (m, 5 -CH2 , 
4 H ) ,  3 . 1 5  ( t ,  y - CH2 , J = 6  H z ,  4 H ) ,  4 . 3 7  ( t ,  a - C H 2 , J = 6  H z ,  
4 H ) ,  6 . 2 5  ( d ,  3 , 5 - P y H ,  J = 8  H z ,  2 H ) ,  7 . 4 5  ( t ,  4 - P y H ,  J = 8  Hz
cm- 1 ; MS m / e  3 0 7  (M+ , 1 0 0 ) ;  221 ( C . ^ H ^ N ^ O - ,  5 3 ) ;  98, —  12 17 2 2 "
(C6 H1 2 N, 5 4 ) ;  84 ( C ^ H ^ N ,  8 5 ) .
A n a l . C a l c d .  f o r  C ^ : C ,  6 6 . 6 6 ;  H, 9 . 1 5 ;  N,
1 3 . 7 3 .  F o u n d :  C ,  6 6 . 3 8 ;  H,  9 . 0 7 ;  N, 1 3 . 4 3 .
2)  "L- Selectride"
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6 , 6 , 1 5 , 1 5 - T e t r a m e t h y l - 2 1 < 0 ( 2 , 6 ) p y r i d i n o , 0 N +0^N + -  
3*2  . 3 - c o r o n a n d - 7 > d i i o d i d e  ( 2 6 7 ) . T h e  s a m e  q u a t e r n i z a t i o n
p r o c e d u r e  a s  d e s c r i b e d  a b o v e  w as  f o l l o w e d ,  e x c e p t  b i s - 2 , 6 -  
[ 3 - ( N , N - d i m e t h y l a m i n o ) p r o p o x y ] p y r i d i n e  2 4 7  ( 2 g ,  7 . 0 m m o l )  
w as  u s e d .  T h e  c r u d e  p r o d u c t  [ 4 . 3 2 g ;  mp 1 7 8 - 1 7 9 ° C  ( d e c ) ]  
w a s  d e m e t h y l a t e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
6 , 1 5 - D i m e t h y l - 2 1 < 0 ( 2 , 6 ) p y r i d i n o , 0 N 0  N - 3 . 2  . 3 -  
c o r o n a n d - 7 >  ( 2 6 8 ) . The  d e m e t h y l a t i o n  p r o c e d u r e  a s  
d e s c r i b e d  a b o v e  w as  u s e d  e x c e p t  2 6 7  ( 1 . 8 6 g r 4 . 1 2 m m o l )  w as  
s u b s t i t u t e d  f o r  2 6 5 .  The  c r u d e  p r o d u c t  w as  c h r o m a t o g r a p h e d  
(ThLC )  o n  a l u m i n a .  E l u t i o n  w i t h  c y c l o h e x a n e / e t h y l  a c e t a t e  
( 1 : 1 )  g a v e  t h e  1 :1  m a c r o c y c l e  2 6 8 , a s  a  c o l o r l e s s  o i l :
1 . 2 9 g  ( 4 3 % ) ;  1 H NMR (200M H zf C D C l ^  8  1 . 9 5  (m, /3-CH , 4 H ) ,
2 . 2 8  ( s ,  N-CH , 6 H ) ,  2 . 5 6  ( t f y -C H  ,  J = 6 . 8  H z ,  4 H ) ,  2 . 5 8
“ 3 “ 2
( t ,  S-CH , J = 5  H z ,  4 H ) ,  3 . 5 6  ( t ,  e-CH ,  J = 5  H z,  4 H ) ,  3 . 5 6  
2 2
( s ,  <-CH , 4 H ) ,  4 . 3 6  ( t ,  a -CH ,  J = 6 . 8  H z ,  4 H ) ,  6 . 2 5  ( d ,
“ 2 “ 2
L-Selectride'
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3 , 5 - P y H ,  J = 8  H z , 2 H ) ,  7 . 4 3  ( t f 4 - P y H ,  J = 8  H z ,  1 H ) ;  IR  
( n e a t )  2 9 8 5 ,  2 9 1 5 ,  1 5 8 5 ,  1 4 4 0 ,  1 3 2 0 ,  1 2 4 0 ,  1 1 5 5 ,  7 8 0  
c m " 1 ; MS m / e  3 6 7  (M+ , 6 . 0 ) ,  84  fC H 1 0 0 ) .
A n a l . C a l c d .  f o r  C1 9 H3 3 N3 04 : c '  6 2 * 1 3 ? 8 . 9 9 ;  N,
1 1 . 4 4 .  F o u n d :  C ,  6 1 . 9 8 ;  H ,  8 . 9 6 ;  N ,  1 1 . 3 0 .
Me'
+ l A A J
268
CH,CN
+ 2 1
Me
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6 , 1 5 - D i m e t h y l < N + [ 0 ( 2 , 6 ) p y r i d i n o , 0 ] [ O  ] N+ - c r y p t a n d -
9 > d i i o d i d e  ( 2 6 9 ) . A s o l u t i o n  o f  268  { 1 . 0 2 g ,  2 . 7 8 m m o l )  a n d
b i s ( 2 - i o d o e t h o x y ) e t h a n e  ( 1 . 0 3 g ,  2 . 7 8 m m o l )  i n  a c e t o n i t r i l e
(600m L )  w a s  r e f l u x e d  u n d e r  n i t r o g e n  f o r  t h r e e  d a y s .  A f t e r
c o o l i n g ,  t h e  s o l v e n t  w as  r e m o v e d  in.  v a c u o  t o  a f f o r d
6 , 1 5 - d i m e t h y l < N + 1 0 ( 2 , 6 ) p y r i d i n o , 0 ] [0  1 N+ - c r y p t a n d - 9 > d i -
£• £*
i o d i d e  [mp 2 0 2 - 2 0 3 ° C  ( d e c ) ;  1 H NMR ( D O )  S 3 . 2 3  ( s ,  N -M e) ]
w h i c h  w as  d e m e t h y l a t e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
Me'
+  21 "L-Selectride" 
THF, A
2 7 0
< N [ 0 ( 2 , 6 ) p y r i d i n o , 0 ] [ O  ] N - c r y p t a n d - 9 >  ( 2 7 0 ) . A f t e r  
r e f l u x i n g  2 6 9  i n  L - S e l e c t r i d e ®  ( 3 0 m l )  f o r  t w o  h o u r s ,  t h e
r e a c t i o n  w as  w o r k e d  u p  a s  d e s c r i b e d  f o r  t h e  d e m e t h y l a t i o n
100
o f  5 , 1 4 - d i m e t h y l < N + [ 0 ( 2 , 6 ) p y r i d i n o , 0 ]  [O lN+ - c r y p t a n d - 9 > d i -  
i o d i d e  t o  a f f o r d  c r y p t a n d  2 7 0 , a s  a  c o l o r l e s s  o i l ;  189mg 
( 1 5 % ) :  1 H NMR (200M Hz,  CDCl ) 5 1 . 8 1  (m, 0 -C H  ,  4 H ) ,  2 . 5 4
•J a
( s ,  y ,5 -C H  , 1 2 H ) ,  3 . 4 6  ( s ,  *,<T-CH , 1 6 H ) ,  4 . 3 8  (m, a - C H „ ,
2 2 2
4 H ) ,  6 . 2 0  ( d ,  3 , 5 - P y H ,  J = 8  H z ,  2 H ) ,  7 . 4 1  ( t ,  4 - P y H ,  J = 8  H z ,
1 H ) ;  I R  ( n e a t )  2 9 8 5 ,  2 9 0 0 ,  1 5 8 5 ,  1 2 6 0 ,  1 1 5 5 ,  1 0 4 5 ,  780
c m " 1 ; (MS) m /e  4 5 3  (M+ , 5 ) ,  84  (C H N ,  1 0 0 ) .
5 10
A n a l . C a l c d .  f o r  C2 3 H3 9 N3 ° 6 : C '  6 0 *9 3 ? H '  8 * 6 1 ;  N,
9 . 2 7 .  F o u n d :  C ,  6 1 . 1 5 ;  H,  8 . 6 4 ;  N ,  9 . 0 1 .
Me^ rte fJteMe 
271
2 , 6 - B i s ( c h l o r o m e t h y l ) p y r i d i n e  w i t h  N , N - D i m e t h y l ~ 2 -  
h y d r o x y e t h y l a m i n e . To a  s u s p e n s i o n  o f  s o d i u m  h y d r i d e  
( 1 . 1 0 g ,  4 6m m ol)  i n  N , N - d i m e t h y l f o r m a m i d e  (DMF, 5 0 0 m L ) , 
N , N - d i m e t h y l - 2 - h y d r o x y e t h y l a m i n e  ( 4 . 0 5 g ,  4 6 m m o l)  i n  DMF 
(100m L )  w a s  a d d e d  d r o p w i s e  u n d e r  n i t r o g e n .  T he  m i x t u r e  was  
s t i r r e d  a t  2 5 ° C  f o r  o n e  h o u r  a n d  t h e n  2 4 5  ( 4 g ,  2 3m m ol)  i n  
DMF (1 00m L )  w as  a d d e d  d r o p w i s e .  T h e  r e a c t i o n  w as  s t i r r e d  
a t  2 5 ° C  f o r  t h r e e  d a y s ,  a f t e r  w h i c h ,  t h e  s o l v e n t  was  
r e m o v e d  u i  v a c u o . T h e  r e s i d u e  w as  e x t r a c t e d  w i t h  
c h l o r o f o r m  (2  X 2 5 0 m l , ) ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  iin v a c u o  
t o  g i v e  t h e  c r u d e  p r o d u c t ,  w h i c h  w as  c h r o m a t o g r a p h e d  
t h r o u g h  a  s h o r t  a l u m i n a  c o l u m n  e l u t i n g  w i t h  c h l o r o f o r m .
A f t e r  c o n c e n t r a t i o n  t h e  o i l  w as  v a c u u m  d i s t i l l e d  [b p  1 5 6 °C  
( 0 . 5 m m ) ]  t o  a f f o r d  t h e  d i s u b s t i t u t e d  p r o d u c t  2 7 1 ; 8 . 7 9 g
( 6 8 %); 1H NMR (CDCl ) 8 2 . 3 0  ( s f N-CH , 1 2 H ) ,  2 . 5 8  ( t ,  
y-CH . 3=6  H z ,  4 H ) ,  3 . 6 7  ( t ,  /3-CH ,  J = 6  H z ,  4 H ) ,  4 . 6 7  ( s ,
& w
a - C H ,  4 H ) ,  7 . 2 7 - 7 . 8 4  (m, P yH ,  3 H ) ;  1 3 C NMR (200M Hz,  CDCl ) 
2 3
5 4 5 . 7 0  ( C H - ) ,  5 8 . 7 7  <N -C H _) ,  6 8 . 8 6  (O-CH ) ,  7 3 . 8 7
O M A
(P y -C H  ) ,  1 1 9 . 7 2  ( 3 , 5 - C ) ,  1 3 6 . 9 3  ( 4 - C ) ,  1 5 7 . 8 3  ( 2 , 6 - C ) ;  IR  
2
( n e a t )  2 9 5 0 ,  1 5 9 5 ,  1 2 5 0 ,  1 1 6 0 ,  1080  cm- 1 ; (MS) m / e  281
(M+ , 2 ) ,  95  (C H NO, 1 0 0 ) .
5 5
A n a l .  C a l c d .  f o r  C H N O :  C ,  6 4 . 0 6 ;  H,  9 . 6 1 ;  N,
  15 2 7 3 2
1 4 . 9 5 .  F o u n d :  C ,  6 4 . 3 2 ;  H,  9 . 6 2 ;  N,  1 5 . 1 6 .
Me Me Me Me
v A A J
CH_CN, A o
271
Me
Me + 2 1Me
272
A t t e m p t e d  P r e p a r a t i o n  o f  6 , 6 , 1 5 , 1 5 - T e t r a m e t h y l -
2 1 < 0 ( 2 , 6 ) p y r i d i n o , ON+Q N+- 1 . 2 . 2  . 2 . 1 - c o r o n a n d - 7 > d i i o d i d e
"  2 ' 2
( 2 7 2 ) . To a  s o l u t i o n  o f  271 ( 2 g ,  7 . 1 2 m m o l )  i n  a c e t o n i t r i l e  
( 5 0 0 m L ) ,  1 , 2 - b i s ( / 3 - i o d o e t h o x y )e t h a n e  ( 2 . 6 3 g ,  7 . 1 2 irunol) i n  
a c e t o n i t r i l e  (50mL)  w a s  s l o w l y  a d d e d .  The  s o l u t i o n  was  
r e f l u x e d  f o r  7 2  h o u r s ,  a n d  a f t e r  c o o l i n g ,  t h e  a c e t o n i t r i l e  
w as  r e m o v e d  j j i  v a c u o .  The  c r u d e  p r o d u c t  w as  d e m e t h y l a t e d  
w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
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A^  ' L - S e t * c t r i d e "  open-chain
2 1 2  r *si .-------------------------- > compounds
k  *  OMe— N.c-Me
Me'  ^  ^
2 1
A t t e m p t e d  P r e p a r a t i o n  o f  6 , 1 5 - D i m e t h y l - 2 1 < 0 ( 2 , 6 ) -  
p y r i d i n o , O N O  N - 1 . 2 . 2 . 2 . 1 - c o r o n a n d - 7 > . A s u s p e n s i o n  o f  272  
i n  t e t r a h y d r o f u r a n  w i t h  L - S e l e c t r i d e ®  w a s  s t i r r e d  u n d e r  
n i t r o g e n  u n t i l  a l l  t h e  m a t e r i a l  d i s s o l v e d .  The r e a c t i o n  
m i x t u r e  w as  c a r e f u l l y  q u e n c h e d  w i t h  d i l u t e  h y d r o c h l o r i c  
a c i d  ( 1 0 m L ) ,  e x t r a c t e d  w i t h  m e t h y l e n e  c h l o r i d e  ( 5 0 m L ) ,  a n d  
t h e  a q u e o u s  l a y e r  n e u t r a l i z e d  w i t h  s o d i u m  h y d r o x i d e  ( 3 N ) .  
T h e  a q u e o u s  s o l u t i o n  w as  t h e n  e x t r a c t e d  w i t h  m e t h y l e n e  
c h l o r i d e  (3  X 5 0 m L ) , t h e  c o m b i n e d  o r g a n i c  e x t r a c t  was  d r i e d  
o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  a n d  c o n c e n t r a t e d  i n  
v a c u o . The  c r u d e  p r o d u c t  w as  p u r i f i e d  b y  c h r o m a t o g r a p h y  
(ThLC) o n  a l u m i n a .  E l u t i o n  w i t h  c y c l o h e x a n e / e t h y l  a c e t a t e  
( 1 : 1 ) a f f o r d e d  o n l y  o p e n - c h a i n  d e m e t h y l a t e d  p r o d u c t s ,  
a c c o r d i n g  t o  ^H NMR d a t a .  The  ^H NMR s p e c t r u m  
i n d i c a t e d  t h e  a p p e a r a n c e  o f  a  m e t h y l  g r o u p  a t  2 . 5 5  ppm ,  i n  
g e n e r a l ,  m e t h y l  g r o u p s  l o c a t e d  i n  t h e  2 o r  6 p o s i t i o n  o f  a  
p y r i d i n e  r i n g  r e s o n a t e  a t  8  2 . 4 6  a s  s e e n  f o r  l u t i d i n e  w h i l e  
t h e  ^ - m e t h y l  g r o u p s  r e s o n a t e  f r o m  8 2 . 2 8  t o  2 . 3 8  a s  s e e n  
f o r  2 68  a n d  2 7 1 . T he  a r o m a t i c  r e g i o n  i s  a l s o  c o m p l i c a t e d  
i n d i c a t i v e  o f  a n  u n s y m m e t r i c a l l y  s u b s t i t u t e d  p y r i d i n e  r i n g ,  
n o r m a l l y  H ( 3 , 5 )  e x h i b i t s  a  d o u b l e t  a t  c a .  8  7 . 3 0  a s  f o r  2 7 4
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a n d  2 7 6 ; h o w e v e r ,  i n  a l l  f r a c t i o n s  t h e r e  w e r e  tw o  d o u b l e t s  
a t  a p p r o x i m a t e l y  5  7 . 0 3  a n d  7 . 2 4 .  B e c a u s e  o f  t h e  l a r g e  
n u m b e r  o f  v e r y  s m a l l  f r a c t i o n s  o b t a i n e d ,  f u r t h e r  c h a r a c t e r ­
i z a t i o n  w as  n o t  a t t e m p t e d .
6 ,1  9 - D i m e t h y l - 2 5 < [ 0 ( 2 , 6 ) p y r i d i n o , O N - 1 . 2 . 1 ]  - c o r o n a n d -
Z
8 > ( 2 7 4 ) . To a  s t i r r e d  s u s p e n s i o n  o f  s o d i u m  h y d r i d e  
( 9 6 9 m g ,  20m m ol)  i n  d r y  N , N - d i m e t h y l f o r m a m i d e  {DMF; lOOmL),
2 , 6 - b i s {c h l o r o m e t h y l ) p y r i d i n e  ( 1 . 7 6 g ,  1Ommol) i n  DMF 
(200m L )  a n d  N - m e t h y l d i e t h a n o l a m i n e  ( 1 . 1 9 g ,  1Ommol) i n  DMF 
( 2 0 0 mL) w e r e  a d d e d  s i m u l t a n e o u s l y  d r o p w i s e  o v e r  f o u r  h o u r s  
u n d e r  n i t r o g e n .  A f t e r  a d d i t i o n ,  t h e  r e a c t i o n  w as  s t i r r e d  
a t  2 5 0C f o r  96  h o u r s .  T h e r e a f t e r ,  t h e  s u s p e n s i o n  w as  
c a r e f u l l y  q u e n c h e d  w i t h  w a t e r  ( 1 0 m L ) ,  t h e n  t h e  s o l v e n t  was  
r e m o v e d  in  v a c u o . The  r e s i d u e  was  c h r o m a t o g r a p h e d  (ThLC) 
o n  a l u m i n a  b y  e l u t i o n  w i t h  e t h y l  a c e t a t e / c y c l o h e x a n e  ( 1 : 1 ) 
t o  a f f o r d  d i m e r  2 7 4 , a s  a  c o l o r l e s s  o i l :  460mg ( 5 . 2 % ) ;
R = 0 . 3 4 ;  1H NMR (200M Hz,  CDCl ) 8  2 . 3 8  ( s ,  N-CH , 6 H ) ,  2 . 7 0t  J  J
( t ,  y-CH , J  = 6 H z ,  8 H ) ,  3 . 6 3  ( t ,  ft-CH ,  J = 6  H z ,  8 H ) ,  4 . 5 7  
( s ,  ct-Cfl2 , 8 H ) ,  7 . 2 9  ( d ,  3 , 5 - P y H ,  J  = 8  H z ,  4 H ) ,  7 . 5 1  ( t ,
NaH 
THF >
273
274
4 - P y H ,  J = 8  H z ,  2 H ) ;  I R  ( n e a t )  2 9 9 5 ,  1 5 9 5 ,  1 2 5 0 ,  1 1 6 5 ,  1 0 3 0 ,
7 7 5  cm- 1 ; MS m / e  4 44  <M+ , 0 . 4 ) ,  8 3  ( C ^ N ,  1 0 0 ) .
A n a l .  C a l c d .  f o r  C _ H _ N . O ,  : C ,  6 4 . 8 6 ;  H,  8 . 1 1 ;  N,
   24 34 4 4
1 2 . 6 1 .  F o u n d :  C ,  6 4 . 8 9 ;  H,  8 . 1 3 ;  N ,  1 2 . 9 9 .
6 , 1 9 - D i m e t h y l - 2 5 <N+ [ 0 ( 2 , 6 ) p y r i d i n o , 0 - 2 . 1  »2] [0  ] -
N+ - c r y p t a n d - 1 0 > d l i o d i d e  ( 2 7 5 ) ..  The  m i x t u r e  o f  2 7 4  ( 3 8 6 m g ,  
1mmol)  a n d  1 , 2 - b i s ( j 8 - i o d o e t h o x y ) e t h a n e  ( 3 7 0 m g ,  1mmol)  i n  
a c e t o n i t r i l e  (500m L )  w a s  r e f l u x e d  f o r  72  h o u r s .  A f t e r  
c o o l i n g ,  t h e  s o l v e n t  was  r e m o v e d  i j i  v a c u o , a n d  t h e  
r e s u l t i n g  r e s i d u e  w as  d r i e d  u n d e r  v a c u u m .  The  c r u d e  
m a t e r i a l  w as  d e m e t h y l a t e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .
l A A i
open-chain
" L ~S e!ectrid«  "
products
A t t e m p t e d  P r e p a r a t i o n  o f  2 4 < N [ 0 ( 2 , 6 ) P y r i d i n o , 0 -
2 . 1 . 2 ]  [0  ] - N - c r y p t a n d - 1 0 > . The  a b o v e  c r u d e  r e s i d u e  was
" 2  " " "2 '2  1 1 ™
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s t i r r e d  u n d e r  n i t r o g e n  i n  t e t r a h y d r o f u r a n  (30mL) w i t h  
L - S e l e c t r i d e ®  u n t i l  a l l  t h e  s t a r t i n g  m a t e r i a l  d i s s o l v e d ,  
a f t e r  w h i c h  t h e  r e a c t i o n  w as  c a r e f u l l y  q u e n c h e d  w i t h  d i l u t e  
h y d r o c h l o r i c  a c i d  (10% ,  1 0 m L ) .  The  s o l u t i o n  w as  e x t r a c t e d  
w i t h  m e t h y l e n e  c h l o r i d e  (2  X 2 5 m L ) ,  t h e n  t h e  a q u e o u s  l a y e r  
w a s  n e u t r a l i z e d  w i t h  s o d i u m  h y d r o x i d e  ( 3 N ) ,  a n d  e x t r a c t e d  
w i t h  m e t h y l e n e  c h l o r i d e  (2  X 5 0m L ) .  T h e  o r g a n i c  s o l v e n t  
w a s  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  
c o n c e n t r a t e d  ^ n  v a c u o  t o  a f f o r d  p r o d u c t  ( 3 3 8 m g ) ,  w h i c h  was  
c h r o m a t o g r a p h e d  ( T h L C ) o n  a l u m i n a .  E l u t i o n  w i t h  e t h y l  
a c e t a t e / c y c l o h e x a n e  ( 1 : 1 ) g a v e  f o u r  f r a c t i o n s  a l l  o f  w h i c h  
w e r e  s h o w n  v i a  NMR t o  be  r i n g - o p e n e d  d e m e t h y l a t e d  
m a t e r i a l .  T h i s  w as  d e t e r m i n e d  by  t h e  a p p e a r a n c e  o f  a  
m e t h y l  s i g n a l  a t  8  2 . 5 5  i n d i c a t i v e  o f  a  m e t h y l  g r o u p  
s u b s t i t u t e d  i n  t h e  2 o r  6 p o s i t i o n  on  a  p y r i d i n e  r i n g .  I n  
a d d i t i o n ,  t h a  a r o m a t i c  r e g i o n  h a s  b e c o m e  m o re  c o m p l i c a t e d  
a n d  t h e  p a t t e r n  o f  t w o  d o u b l e t s  a t  8  7 . 0 5  a n d  7 . 2 4  i s  
i n d i c a t i v e  o f  a n  u n s y m m e t r i c a l l y  s u b s t i t u t e d  p y r i d i n e  r i n g .  
F u r t h e r  p u r i f i c a t i o n  a n d  i d e n t i f i c a t i o n  w as  n o t  u n d e r ­
t a k e n .
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< N [ 0 ( 2 , 6 ) P y r i d i n o , 0 - 2 . 1 „ . 2 ] _ N - c r y p t a n d - 1 1 >  ( 2 7 6 ) .  To 
a  s t i r r e d  s u s p e n s i o n  o f  s o d i u m  h y d r i d e  ( 9 6 0 m g ,  20m m ol)  i n  
d r y  N , N - d i m e t h y l f o r m a m i d e  (DMF; 500mL) 2 , 6 - b i s ( c h l o r o -  
m e t h y l ) p y r i d i n e  ( 1 . 7 6 g ,  10mmol)  i n  DMF (125m L )  a n d  t r i -  
e t h a n o l a m i n e  ( 9 8 3 m g ,  8 7 5  L ,  6 . 6 mmol)  i n  DMF (125mL)  w e r e  
a d d e d  s i m u l t a n e o u s l y  d r o p w i s e .  A f t e r  t h e  a d d i t i o n  was  
c o m p l e t e ,  t h e  r e a c t i o n  w as  s t i r r e d  a t  2 5 ° C f o r  t h r e e  d a y s .  
T h e  s o l v e n t  w as  r e m o v e d  in  v a c u o , a n d  t h e  r e s i d u e  was  
t r i t u r a t e d  w i t h  m e t h y l e n e  c h l o r i d e  (3  X lOOmL),  f i l t e r e d ,  
a n d  c o n c e n t r a t e d  ^ n  v a c u o  t o  g i v e  a  c r u d e  p r o d u c t ,  w h i c h  
w a s  c o l u m n  c h r o m a t o g r a p h e d  ( n e u t r a l  a l u m i n a ,  a c t i v i t y  I I I ,  
1 :1  c y c l o h e x a n e / e t h y l  a c e t a t e )  t o  a f f o r d  c r y p t a n d  2 7 6 , a s  
c o l o r l e s s  c r y s t a l s  ( c h l o r o f o r m / e t h a n o l ) :  135 mg (2 % ) ;  mp
1 1 8 - 1 1 9 ° C ;  Rf = 0 . 2 9 ;  ^  NMR (200MHz,  CDC13 ) S 2 . 8 2  ( t ,
N-CH2 , J = 5  H z ,  1 2 H ) ,  3 . 5 6  ( t ,  0 -C H 2 , J = 5  H z ,  1 2 H ) ,  4 . 5 2  ( s ,  
P y r - C H 2 , 1 2 H ) ,  6 . 9 0  ( t ,  4 - P y H ,  J = 8  H z ,  3 H ) , 7 . 3 0  ( d ,
3 , 5 - P y H ,  J = 8  H z ,  6 H ) ;  13 C NMR (200MHz,  CDC13 ) S 5 7 . 6 7  
(N-CH2 ) ,  7 0 . 1 9  ( 0 - C H 2 ) ,  7 3 . 4 8  (PyCH2 ) ,  1 1 9 . 3 3  ( 3 , 5 - C ) ,  
1 3 6 . 6 2  ( 4 - C ) ,  1 5 7 . 8 3  ( 2 , 6 - C ) ;  IR  ( K B r ) 1 6 0 0 ,  1 4 6 0 ,  1 3 5 5 ,  
1 1 2 0 ,  1 0 5 0 ,  9 7 0  cm- 1 ; MS m / e  6 0 7  (M+ , 1 . 9 ) ;  578
(C 3 2 H4 2 N4 ° 6 '  4 8 7  (C2 6 H3 9 N4 ° 5 '  1 ) ;  1 2 0  ‘ W 0 ^ 7 8  >? 1 0 6
(C_H N , 9 6 ) ;  97 ( C c H_NO, 7 3 ) ;  95 (C c Hc NO, 1 0 0 ) ./ O D / D D ----
A n a l .  C a l c d .  f o r  C - . . H . CN,,0_ : C ,  6 5 . 2 4 ;  H ,  7 . 4 1 ;  N,
  66  o D
1 1 . 5 3 .  F o u n d :  C ,  6 5 . 1 1 ;  H ,  7 . 3 3 ;  N ,  1 1 . 3 9 .
2 76 277
A t t e m p t e d  F o r m a t i o n  o f  t h e  M a n g a n e s e {I I ) P e r c h l o r a t e  
C o m p l e x  o f  < N [ 0 ( 2 , 6 ) P y r i d i n o , 0 - 2 . 1  . 2 ]  N - c r y p t a n d - 1 1 > .
• A ^
M a n g a n e s e ( I I ) p e r c h l o r a t e  ( 3 . 9 m g ,  1 . 0 8 X 1 0“ ^ m m o l ) a n d  
2 , 2 - d i m e t h o x y p r o p a n e  ( 5 0 0  L) w e r e  s t i r r e d  i n  a  m in imum 
a m o u n t  o f  e t h a n o l  (5mL) f o r  o n e  h o u r ,  a f t e r  w h i c h  2 7 6  
( 3 . 3 m g ,  5 . 4 0 X 1 0- 6 m m o l ) i n  e t h a n o l  (1mL) w a s  a d d e d .  Upon 
a d d i t i o n ,  a  w h i t e  s o l i d  p r e c i p i t a t e d ,  w h i c h  was  r e c r y s ­
t a l l i z e d  f r o m  m e t h a n o l  t o  a f f o r d  c r y s t a l s  s u i t a b l e  f o r  
X - r a y  s t r u c t u r e  d e t e r m i n a t i o n .  The  p r o d u c t  was  s h o w n  t o  be 
t h e  d i p r o t o n a t e d  p e r c h l o r i c  s a l t  2 7 7 .
n(ch2cH£o h >5
---------->V---------
NqH , DMF .
OLfO
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A t t e m p t e d  P r e p a r a t i o n  o f  < N [ 0 ( 6 , 6 ' ) 2 , 2 t - d i p y r i d i n o , 0 -
2 . 1 . 2 ]  N - c r y p t a n d - 1 4 >  ( 2 7 9 ) . To  a  s u s p e n s i o n  o f  s o d i u m  
2 3
h y d r i d e  ( 5 0 0 m g ,  10mm ol)  i n  N , N - d i m e t h y l f o r m a m i d e  (DMF, 
2 0 0 m L ) ,  t r i e t h a n o l a m i n e  ( 4 9 0 m g ,  3 . 3 m m o l ,  4 3 7  L) i n  DMF 
(200m L )  w a s  s l o w l y  a d d e d .  A f t e r  s t i r r i n g  a t  2 5 ° C  u n d e r
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n i t r o g e n  f o r  30 m i n u t e s ,  6 , 6 *- b i s ( c h l o r o m e t h y l ) - 2 , 2 ' - d i ­
p y r i d i n e  ( 1 . 2 7 g ,  5mmol)  i n  DMF (200m L )  w as  a d d e d  d r o p w i s e  
o v e r  a  p e r i o d  o f  f o u r  h o u r s .  The  m i x t u r e  w as  s t i r r e d  a t  
2 5 ° C  f o r  72  h o u r s ,  a f t e r  w h i c h  t h e  s o l v e n t  w as  r e m o v e d  i n  
v a c u o . T h e  r e s u l t i n g  c r u d e  p r o d u c t  was  t r i t u r a t e d  w i t h  
c h l o r o f o r m  ( 3 0 0 m L ) ,  f i l t e r e d ,  a n d  t h e  s o l v e n t  was  r e m o v e d  
i n  v a c u o . T h e  d e s i r e d  c r y p t a n d  s h o u l d  h a v e  a  s i g n i f i c a n t  R^ 
v a l u e  o n  a l u m i n a  TLC; h o w e v e r ,  n o t h i n g  m oved  f r o m  t h e  
b a s e l i n e  u s i n g  10% e t h a n o l  i n  c h l o r o f o r m .  T h i s  l e a d s  one  
t o  c o n c l u d e  t h a t  n o n e  o f  t h e  d e s i r e d  m a c r o c y c l i c  p r o d u c t  
w as  f o r m e d .
R e a c t i o n  o f  2 , 7 - D i c h l o r o - 1 , 8 - n a p h t h y r i d i n e  w i t h  T r i -  
e t h a n o l a m i n e . To a  s t i r r e d  s u s p e n s i o n  o f  s o d i u m  h y d r i d e  
( 2 . 1 6 g ,  45m m ol)  i n  N , N - d i m e t h y l f o r m a m i d e  {DMF, 1 5 0 m L ) ,  
t r i e t h a n o l a m i n e  ( 2 . 2 4 g ,  15mm ol)  i n  DMF (150m L )  w a s  a d d e d  
u n d e r  n i t r o g e n .  T h e  h e t e r o g e n e o u s  s o l u t i o n  w as  s t i r r e d  f o r  
o n e  h o u r  a t  2 5 °C a n d  2 8 0  ( 2 . 0 g ,  10mmol)  i n  DMF (200mL)  w as  
a d d e d  d r o p w i s e .  A f t e r  a d d i t i o n ,  t h e  s u s p e n s i o n  w as  warmed  
t o  8 0 ° C  v i a  a n  o i l  b a t h  f o r  7 2  h o u r s .  T h e n ,  t h e  s o l u t i o n  
w a s  c o o l e d ,  c a r e f u l l y  q u e n c h e d  w i t h  w a t e r ,  a n d  t h e  s o l v e n t
281 282
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r e m o v e d  j in  v a c u o . T he  r e s u l t i n g  r e s i d u e  w as  w a s h e d  w i t h  
m e t h y l e n e  c h l o r i d e  (2 X 1 0 0 m L ) ,  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  j ln  v a c u o , t o  
g i v e  t h e  c r u d e  p r o d u c t ,  w h i c h  was  c h r o m a t o g r a p h e d  (T hL C ) o n  
a l u m i n a  b y  e l u t i o n  w i t h  5% m e t h a n o l  i n  c h l o r o f o r m  t o  
a f f o r d  t w o  f r a c t i o n s :
F r a c t i o n  A w a s  2 8 1 , a  p a l e  y e l l o w  v i s c o u s  o i l ;  128mg 
( 3 % ) ;  Rf = 0 . 2 3 ;  1H NMR (CDCl-j)  5 2 . 6 0  (m, V-CH2 , 8 H ) ,  2 . B 5  
( t ,  B-CH2 , J = 6  H z ,  4 H ) ,  3 . 7 6  (m, 5 - C H 2 , 8 H ) ,  4 . 7 4  ( t ,  
a - C H 2 , J = 6  H z ,  4 H ) ,  6 . 8 8  ( d ,  3 , 5 - N a p h H ,  J = 8  H z ,  2 H ) ,  7 . 9 5  
( d ,  4 , 5 - N a p h H , J = 8  H z ,  2 H ) ;  IR  ( n e a t )  1 6 0 0 ,  1 2 5 5 ,  1 1 6 0 ,  
1 0 5 0 ,  9 7 5  cm’ 1 .
A n a l .  C a l c d .  f o r  C2QH3 2 N4 ° 6 : 5 6 . 6 0 ;  H,  7 . 5 5 ;  N,
1 3 . 2 1 .  F o u n d :  C ,  5 6 . 3 1 ;  H,  7 . 5 2 ;  N ,  1 2 . 9 9 .
F r a c t i o n  B w a s  2 8 2 , i s o l a t e d  a s  a  v i s c o u s  o i l ;  250mg 
( 9 % ) ;  Rf = 0 . 3 3 ;  1H NMR (C D C lg )  S 2 . 8 0  ( t ,  y-CH2 , J = 5  H z ,
4 H ) ,  3 . 1 9  ( t ,  /3-CH2 , J  = 6 Hz , 8 H>,  3 . 7 0  ( t ,  S -C H 2 , J = 5  Hz,  
4 H ) ,  4 . 6 6  ( t ,  a - C H 2 , J = 6  H z ,  8 H ) ,  6 . 6 1  ( d ,  3 , 5 - N a p h H ,  J = 8 . 5  
H z ,  4 H ) ,  7 . 6 5  ( d ,  4 , 5 - N a p h H ,  J = 8 . 5  H z,  4 H ) ;  IR  ( n e a t )  1 6 1 0 ,  
1 2 6 0 ,  1 1 5 5 ,  1 0 4 5 ,  970  cm ~ 1 .
A n a l . C a l c d .  f o r  C2 gH2 ^ N g O g .H C 1 : C ,  5 7 . 3 4 ;  H,
5 . 9 7 ;  N,  1 4 . 3 2 .  F o u n d :  C ,  5 7 . 6 8 ;  H,  5 . 9 9 ;  N ,  1 4 . 2 4 .
h
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2 6 < [ 0 ( 2 , 6 ) P y r i d i n o , Q , ( 1 , 4 ) p i p e r a z i n o ]  - c o r o n a n d - 1 0 >
Z
2 8 4 . T h e  d i a n i o n  o f  N , N 1- b i s - 2 - h y d r o x y e t h y l p i p e r a z i n e  was  
g e n e r a t e d  b y  t h e  d r o p w i s e  a d d i t i o n  o f  2 83  ( 3 . 4 8 g ,  20m m ol)  
i n  x y l e n e  (100mL)  t o  a  s u s p e n s i o n  o f  s o d i u m  h y d r i d e  ( 1 . 9 2 g ,  
40m m ol)  i n  x y l e n e  ( 1 0 0 m L ) .  The  s o l u t i o n  w as  s t i r r e d  f o r  45 
m i n u t e s  a t  2 5 °C  a n d  t h e n  2 , 6 - d i c h l o r o p y r i d i n e  ( 2 . 9 6 g ,  
20m m ol)  i n  x y l e n e  (50mL) w a s  a d d e d  d r o p w i s e .  The  m i x t u r e  
w a s  r e f l u x e d  f o r  24 h o u r s  u n d e r  n i t r o g e n ,  c o o l e d ,  a n d  c a r e ­
f u l l y  q u e n c h e d  w i t h  w a t e r .  The  x y l e n e  l a y e r  was  r e m o v e d  
a n d  t h e  a q u e o u s  l a y e r  w as  e x t r a c t e d  w i t h  m e t h y l e n e  c h l o r i d e  
(3  X 5 0 m L ) .  The  c o m b i n e d  o r g a n i c  e x t r a c t s  w e r e  d r i e d  o v e r  
a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  i n  
v a c u o . The  r e s i d u e  was  d r y  c o l u m n  c h r o m a t o g r a p h e d  (5% 
m e t h a n o l  i n  c h l o r o f o r m ;  s i l i c a  g e l )  t o  g i v e  2 6 < [ 0 ( 2 , 6 ) -  
p y r i d i n o , 0 ( 1 , 4 J p i p e r a z i n o ] 2 ~ c o r o n a n d - 1 0 > 2 8 4 : 996mg (1 0 % ) ;
R = 0 . 6 2 ;  mp 2 4 0 ° C ( d e c ) ;  1H NMR (CDC1 ) 8  2 . 6 7  ( s ,  y-CH ,
I  J  «
1 6 H ) ,  2 . 7 8  (m, |S-CH2 , 8 H ) ,  4 . 4 6  (ro, a “ CH2 , 8 H ) ,  6 . 2 7  ( d ,
3 , 5 - P y H ,  J = 8  H z ,  4 H ) ,  7 . 4 5  ( t ,  4 - P y H ,  J = 8  H z ,  2 H ) ;  IR  (KBr)
2 9 7 0 ,  2 9 0 0 ,  1 5 9 0 ,  1 5 6 0 ,  1 4 3 0 ,  1 4 5 0 ,  1 3 0 0 ,  1 2 3 0 ,  1 1 4 5 ,  1 0 1 0 ,
7 8 0  c m " 1 - MS m / e  498  (M+ , 2 ) ,  83 (C^H^N,  1 0 0 ) .
A n a l .  C a l c d .  f o r  0 „ , H ^ „ N , O J : C ,  6 2 . 6 7 ;  H ,  7 . 6 2 ;  N ,
26 3o  6 4
1 6 , 8 6 .  F o u n d :  C ,  6 2 . 6 4 ;  H,  7 . 4 9 ;  N ,  1 6 . 7 5 .
Ill
2 8 5
3 0 < [ 0 ( 2 , 6 ) P y r i d i n o , 0 , ( 1 , 4 ) p i p e r a z i n o - 1  . 2  ] - c o r o n a n d -
10> ( 2 8 5 ) . N , N l - B i s - 2 - h y d r o x y e t h y l p i p e r a 2 i n e  ( 9 9 2 m g ,
5 . 7 n u n o l )  i n  a n h y d r o u s  t e t r a h y d r o f u r a n  (THF, lOOraL) w a s
s l o w l y  a d d e d  t o  a  s t i r r e d  s u s p e n s i o n  o f  s o d i u m  h y d r i d e
( 5 5 m g ,  1 1 . 4 m m o l )  i n  THF ( 2 0 0 m L ) .  S u b s e q u e n t l y  t h e  s o l u t i o n
w a s  s t i r r e d  w i t h  h e a t i n g  f o r  o n e  h o u r .  A f t e r  c o o l i n g ,
2 , 6 - b i s ( c h l o r o m e t h y l ) p y r i d i n e  ( 1 g ,  5 . 7 m m o l )  i n  THF (100mL)
w a s  a d d e d  d r o p w i s e .  T he  r e a c t i o n  w as  s t i r r e d  a t  25°C  f o r
f i v e  d a y s ,  a f t e r  w h i c h ,  t h e  s o l v e n t  w as  r e m o v e d  ir i  v a c u o .
W a t e r  w as  c a r e f u l l y  a d d e d  a n d  e x t r a c t e d  w i t h  m e t h y l e n e
c h l o r i d e  ( 3 0 0 m L ) .  T h e  o r g a n i c  e x t r a c t  w as  d r i e d  o v e r
a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  i n
v a c u o  t o  g i v e  a  c r u d e  p r o d u c t  w h i c h  w as  c h r o m a t o g r a p h e d
(ThLC) o n  a l u m i n a .  E l u t i o n  w i t h  2% e t h a n o l  i n  c h l o r o f o r m
a f f o r d e d  2 £ 5 :  200m g;  mp 1 2 2 - 1 2 3 ° C ;  Rf = 0 . 4 7 ;  1H NMR
(200M H z,  CDC1 ) S 2 . 4 8  ( S ,  5-CH , 1 6 H ) ,  2 . 5 7  ( t ,  y-CH , J = 6  
3 2 2
H z ,  8 H ) ,  3 . 6 4  ( t ,  j9-CH ,  J = 6  H z ,  8 H ) ,  4 . 5 4  ( s ,  a -C H  , 8 H ) ,
2 2,
7 . 3 0  ( d ,  3 , 5 - P y H ,  J = 8  H z ,  4 H ) ,  7 . 5 4  ( t ,  4 - P y H ,  J = 8  H z ,  2 H ) ;
I R  ( K B r ) 2 9 8 0 ,  1 5 9 0 ,  1 2 4 0 ,  1 1 5 5 ,  1 0 2 0 ,  7 80  cm” 1 ; MS m / e  554
(M+ , 0 . 4 ) ,  136 (CqH-i 4 N2 , 1 0 0 ) .
A n a l .  C a l c d .  f o r  C H N , 0 . :  C ,  6 4 . 9 8 ;  H,  8 . 3 0 ;  N,
  30  46 6  4
1 5 . 1 6 .  F o u n d :  C ,  6 5 . 2 4 ;  H,  8 . 5 9 ;  N,  1 5 . 4 5 .
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A t t e m p t e d  P r e p a r a t i o n  o f  14< [ S ( 2 , 6 ) P y r i d i n o , S ]
c o r o n a n d - 6 > . M e th o d  A . To a  s t i r r e d  s u s p e n s i o n  o f  e t h a n e -  
d i t h i o l  ( 9 4 0 m g ,  1 0 n u n o l ) a n d  s o d i u m  h y d r i d e  ( 9 6 0 m g ,  20mm ol)  
i n  N , N - d i m e t h y l f o r m a m i d e  (DMF, 2 0 0 m L ) ,  2 , 6 - d i c h l o r o p y r i d i n e  
( 1 . 4 8 g ,  10mmol)  i n  DMF (100mL) w a s  a d d e d  d r o p w i s e  u n d e r  
n i t r o g e n .  T h e  r e a c t i o n  was  s t i r r e d  a t  2 5 ° C  f o r  24 h o u r s ,  
t h e n  w a rm e d  t o  7 5 ° C  f o r  48 h o u r s .  A f t e r  c o o l i n g ,  w a t e r  was  
c a r e f u l l y  a d d e d ,  a n d  t h e  s o l v e n t  r e m o v e d  j j i  v a c u o  t o  g i v e  a 
r e s i d u e ,  w h i c h  w as  w a s h e d  w i t h  c h l o r o f o r m  (2 X 150mL) a n d  
f i l t e r e d .  The  c o m b i n e d  c h l o r o f o r m  e x t r a c t  was  d r i e d  o v e r  
a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  i n  
v a c u o . The  c r u d e  p r o d u c t  was  p a s s e d  t h r o u g h  a  s h o r t  s i l i c a  
g e l  c o l u m n .  E l u t i o n  w i t h  c y c l o h e x a n e / e t h y l  a c e t a t e  ( 1 : 1 )  
a f f o r d e d  o n l y  o n e  f r a c t i o n  ( 3 5 9 m g ) ,  w h i c h  was  r e c h r o m a t o ­
g r a p h e d  (ThLC) o n  s i l i c a  g e l  b y  e l u t i o n  w i t h  a c e t o n e / p e t ­
r o l e u m  e t h e r  ( 1 : 9 )  t o  g i v e  t w o  m a j o r  f r a c t i o n s .
F r a c t i o n  A a f f o r d e d  2 8 7 : mp 1 0 0 - 1 0 1 ° C ;  3 8 . 4 m g  (2 % ) ;
R = 0 . 6 3 ;  1H NMR (200M H z,  CDC1 ) S 3 . 1 4  ( b s ,  0 -C H  ,  4 H ) ,
£ 3 2
3 . 2 8  ( b s ,  a-CH , 4 H ) ,  6 . 9 0  ( d ,  3 , 5 - P y H ,  J  = 8 H z ,  2 H ) ,  7 . 3 1  
2
( t ,  4 ^ P y H ,  J - 8  H z ,  1 H ) ;  IR  ( K B r ) 2 9 6 0 ,  1 6 2 0 ,  1 5 4 0 ,  1 4 1 0 ,  
1 1 5 5 ,  1 1 4 0 ,  780  c m " 1 ; MS m / e  2 2 9  (M+ , 6 2 ) ,  201
,  3 0 ) ,  168  (C H N S  .
7 6  2
4 4 ) ,  143  (C H NS 1 0 0 ) .
A n a l . C a l c d .  f o r  C ^ H ^ N S ^ :  C , 4 7 . 1 6 ;  H,  4 . 8 0 ;  N,
6 . 1 1 .  F o u n d :  C ,  4 6 . 8 6 ;  H,  4 . 8 8 ;  N,  5 . 8 1 .
F r a c t i o n  B a f f o r d e d  2 8 8 ; mp 1 5 1 - 1 5 2 ° C ;  5 7 . 8 m g  (2 % ) ;
Rf = 0 . 5 2 ;  ' h  NMR (200M H z,  CDC13 ) 8  2 . 8 2  (m, £ - C H 2 , 4 H ) ;  2 . 8 5
{ s ,  y-CH2  , 4 H ) ;  3 . 5 1  (m, a -C H 2 , 4 H ) ;  6 . 8 8  ( d ,  3 , 5 - P y H ,  J = 8
H z ,  2 H ) ;  7 . 2 7  ( t ,  4 - P y H ,  J = 8  H z ,  1 H ) ;  I R  (K B r)  2 9 6 0 ,  1 6 1 5 ,
1 4 1 5 ,  1 2 7 0 ,  1 1 9 5 ,  1 1 2 0 ,  7 7 0 ,  6 9 5 ,  6 7 5  era- 1 ; (MS) m /e
2 89  (M+ , 3 3 ) ,  261 (C Hn NS4 , 1 4 ) ,  2 30  ( C g H ^ N S ^  2 1 ) ,  203
(C? Hg NS3  , 7 5 ) ,  168 ( C ^ N S ^  5 6 ) ,  143  (C5 H5 NS2  , 1 0 0 ) .
A n a l .  C a l c d .  f o r  C . . H , , . N S , :  C ,  4 5 . 6 7 ;  H,  5 . 1 9 ;  N,
11 I d 4
4 . 8 4 .  F o u n d :  C ,  4 5 . 3 8 ;  H, 5 . 2 3 ;  N,  4 . 6 1 .
J@l + C  J(6i +
F ' ^ N ' S  DMF g ^ N ' S
2 87  288
A t t e m p t e d  P r e p a r a t i o n  o f  1 4 < S ( 2 , 6 ) P y r i d i n o , S ] 2 ~ 
c o r o n a n d - 6 > . M e t h o d  B . To a  s t i r r e d  s u s p e n s i o n  o f  s o d i u m  
h y d r i d e  ( 9 6 0 m g ,  2 0m m ol)  i n  a n h y d r o u s  N , N - d i m e t h y 1 f o r m a m i d e  
(DMF, 3 5 0 m L ) ,  2 , 6 - d i f l u o r o p y r i d i n e  ( 1 . 1 2 g ,  10mm ol)  i n  DMF 
(lOOmL) a n d  e t h a n e d i t h i o l  ( 9 4 0 m g ,  lOmmol)  i n  DMF (lOOmL) 
w e r e  a d d e d  d r o p w i s e  s i m u l t a n e o u s l y  u n d e r  n i t r o g e n .  A f t e r  
48  h o u r s  a t  2 5 ° C  t h e  s o l v e n t  w as  r e m o v e d  ju i  v a c u o  t o  g i v e  a  
r e s i d u e  w h i c h  w a s  w a s h e d  w i t h  c h l o r o f o r m  a n d  f i l t e r e d .
T h e  s o l v e n t  was  r e m o v e d  J j i  v a c u o  t o  g i v e  a  c r u d e  p r o d u c t  
w h i c h  w as  c h r o m a t o g r a p h e d  (ThLC) o n  s i l i c a  g e l  b y  e l u t i n g
114
w i t h  2 % a c e t o n e  i n  p e t r o l e u m  e t h e r  t o  a f f o r d  t w o  
f r a c t i o n s .
F r a c t i o n  A ( 5 % ) :  t h e  R ^ , NMR s p e c t r u m ,  a n d  mp w e r e
c o n s i s t e n t  w i t h  t h o s e  o f  2 8 7 .
F r a c t i o n  B ( 3 % ) :  s p e c t r a l  a n d  p h y s i c a l  d a t a  w e r e  i n
a c c o r d a n c e  w i t h  t h o s e  o f  2 8 8 .
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2 , 5 , 8 , 1 2 - T e t r a m e t h y l - 1 4 < [ N ( 2 , 6 ) p y r i d i n o , N ] ^ - c o r o n a n d -  
6 > { 2 9 1 ) . M e t h o d  A . To a s t i r r e d  s o l u t i o n  o f  N , N * - d i -  
m e t h y l e t h y l e n e d i a m i n e  ( 4 . 4 g ,  50m m ol)  i n  a n h y d r o u s  b e n z e n e  
( 2 5 0 m L ) ,  n - b u t y l l i t h i u m  (60m L ,  2 .1 7 M  i n  h e x a n e ,  lOOmmol) 
w as  a d d e d  d r o p w i s e  u n d e r  n i t r o g e n .  T he  s u s p e n s i o n  was  
s t i r r e d  f o r  o n e  h o u r  a t  2 5 ° C ,  t h e n  2 , 6 - d i c h l o r o p y r i d i n e  
( 7 . 4 5 g ,  5 0 m m o ls )  i n  b e n z e n e  (100m L )  w as  a d d e d  s l o w l y .
A f t e r  s t i r r i n g  a t  2 5 ° C  f o r  f i v e  d a y s ,  t h e  m i x t u r e  was  
c a r e f u l l y  q u e n c h e d  w i t h  w a t e r  a n d  t h e  o r g a n i c  l a y e r  was  
c o n c e n t r a t e d  Jjrt v a c u o  t o  a f f o r d  a  r e s i d u e  w h i c h  was  c o l u m n  
c h r o m a t o g r a p h e d  [ s i l i c a  g e l ,  c y c l o h e x a n e / e t h y l  a c e t a t e  
( 1 : 1 ) ] .  T h e  p r o d u c t  w as  f u r t h e r  p u r i f i e d  b y  c h r o m a t o g r a p h y  
(ThLC) b y  e l u t i o n  w i t h  c y c l o h e x a n e / e t h y l  a c e t a t e  ( 9 : 1 )  t o  
a f f o r d  tw o  f r a c t i o n s :
F r a c t i o n  A w as  t h e  o p e n - c h a i n  2 : 1  c o m p o u n d  2 9 0 ; 3 . 7 8 g
6 H ) ,  3 . 6 8 {s  ,  N-CH2 r 4 H ) ,  6 . 3 6  ( d ,  3 - P y H ,  J = 8  H z ,  2 H ) ,  6 . 4 5
( d ,  5 - P y H ,  J = 8  H z ,  2 H ) ,  7 . 2 6  ( t ,  4 - P y H ,  J=B H z ,  1 H ) ;  IR
( K B r ) 2 9 4 0 ,  1 5 8 5 ,  1 4 9 0 ,  1 4 0 0 ,  1 2 5 5 ,  1 1 5 5 ,  7 6 5  c m " 1 ; MS
m / e  311 (M+ , 0 . 3 ) ,  155  ( C . H N C 1 ,  1 0 0 ) .
7 8 2
A n a l .  C a l c d .  f o r  C ^ . H , „ N . C 1 „ :  C ,  5 4 . 0 2 ;  H,  5 . 1 5 ;  14 16 4 2
N ,  1 8 . 0 0 .  F o u n d :  C ,  5 3 . 9 5 ;  H,  5 . 3 2 ;  N,  1 7 . 6 9 .
F r a c t i o n  B w a s  t h e  d e s i r e d  2 : 2  m a c r o c y c l e  ( 2 9 1 ) :
326mg (2 % ) ;  mp 2 4 0 ° C  ( d e c ) ;  Rf = 0 . 7 5 ;  ' h NMR (200M Hz,  CDC13 )
5 3 . 0 0  ( s ,  N - C H , 1 2 H ) ,  3 . 7 5  ( s ,  - C H , 8 H ) ,  5 . 7 3  ( d ,
3 , 5 - P y H ,  J = 8  H z ,  4 H ) ,  7 . 3 0  ( t , . 4 - P y H ,  J = 8  H z ,  2 H ) ;  IR
(K B r)  2 9 9 0 ,  1 5 7 5 ,  1 4 8 5 ,  1 3 1 0 ,  1 1 9 0 ,  1 1 6 0 ,  1 0 4 5 ,  9 6 5 ,  7 7 0 ,
720  c m " 1 ; MS m / e  326  (M+ , 2 0 ) ,  150 (C H N ,  1 0 0 ) .
8 12 3
A n a l .  C a l c d .  f o r  C,  H . N , : C ,  6 6 . 2 6 ;  H,  7 . 9 6 ;  N ,
18 26 6
2 5 . 7 7 .  F o u n d :  C ,  6 5 . 9 5 ;  H,  8 . 0 3 ;  N ,  2 5 . 5 1 .
A t t e m p t e d  P r e p a r a t i o n  o f  2 , 5 , 8 , 1 2 - T e t r a m e t h y l - 1 4 < [ N -
s t i r r e d  s u s p e n s i o n  o f  o i l  f r e e  NaH ( 4 . 8 0 g ,  100m m ol)  i n  
x y l e n e  ( 2 5 0 m L ) ,  N , N ' - d i m e t h y l e t h y l e n e d i a m i n e  ( 4 . 4 g ,  SOmmol) 
i n  x y l e n e  (50mL) w a s  s l o w l y  a d d e d .  The  s o l u t i o n  was
( 2 5 % ) ;  mp 9 0 - 9 1 ° C ;  Rf  = 0 . 8 1 ;  ' h  NMR ( C D C ^ )  8  3 . 0  ( s ,  N-CH3
MeNCbLCH-NMe
NoH, xylenB, A
2 90
( 2 , 6 ) p y r i d i n o , N ] ^ - c o r o n a n d - 6 >  ( 2 9 1 ) . M e t h o d  B . To a
116
m a i n t a i n e d  a t  2 5 ° C  f o r  30 m i n u t e s ,  t h e n  2 , 6 - d i c h l o r o -  
p y r i d i n e  ( 7 . 4 g ,  SOmmol) i n  x y l e n e  (50  mL) w a s  a d d e d  
d r o p w i s e .  A f t e r  r e f l u x i n g  u n d e r  n i t r o g e n  f o r  f o u r  d a y s ,  
t h e  m i x t u r e  was  c o o l e d  a n d  c a r e f u l l y  q u e n c h e d  w i t h  w a t e r .  
T h e  o r g a n i c  l a y e r  w as  c o n c e n t r a t e d  a n d  t h e  a q u e o u s  l a y e r  
w a s  e x t r a c t e d  w i t h  m e t h y l e n e  c h l o r i d e  (3  x 5 0 m L ) . The
c o m b i n e d  o r g a n i c  e x t r a c t  w as  d r i e d  o v e r  a n h y d r o u s
m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  j ln  v a c u o .
T h e  c r u d e  p r o d u c t  ( 6 . 9 4 g )  w as  p u r i f i e d  b y  c o l u m n  c h r o m a t o ­
g r a p h y  by  e l u t i o n  w i t h  c y c l o h e x a n e / e t h y l  a c e t a t e  ( 1 : 1 ) a n d  
t h e  r e s u l t a n t  p r o d u c t  w as  r e c r y s t a l l i z e d  f r o m  a b s o l u t e  
e t h a n o l  t o  g i v e  2 9 0 , a s  w h i t e  c r y s t a l s :  5g ( 3 5 % ) ;  mp
9 0 - 9 1 °C;  1H NMR (CDC1 ) 8  3 . 0  ( s ,  N-CH ,  6 H ) ,  3 . 6 8  ( s ,  
-C H 2 , 4 H ) ,  6 . 3 6  ( d ,  3 - P y H ,  J = 8  H z ,  2 H ) , 6 . 4 5  ( d ,  5 - P y H ,
J = 7 . 5  H z ,  2 H ) ,  7 . 2 6  ( t ,  4 - P y H ,  J = 7 . 5  H z ,  1 H ) ;  I R  (K Br)  
2 9 4 0 ,  1 5 8 5 ,  1 5 3 5 ,  1 4 3 0 ,  1 2 5 5 ,  1 1 5 5 ,  1 1 0 0 ,  9 9 0 ,  7 6 5
cm- 1 ; MS m / e  311 (M+ , 9 . 5 ) ,  155  ( C B N  C l ,  1 0 0 ) .
7 8 2
A n a l .  C a l c d .  f o r  C H N C 1 :  C ,  5 4 . 0 2 ;  H,  5 . 1 5 ;  N,  14 16 4 2
1 8 . 0 0 .  F o u n d :  C ,  5 3 . 9 5 ;  H,  5 . 3 2 ;  N,  1 7 . 6 9 .
xylene
291 n = 1
292 n=2
2 , 5 , 8 , 1 2 - T e t r a m e t h y l - l 4 < [ N (  2 , 6 ) p y r i d i n o , N ] _ - c o r o n a n d -
< " 2
6 > ( 2 9 1 ) .  M e th o d  C . The  same p r o c e d u r e  a s  i n  M e th o d  B was
u s e d  e x c e p t  t h a t  L iH  was  s u b s t i t u t e d  f o r  NaH.  A f t e r
w o r k u p ,  t h e  c r u d e  p r o d u c t  was  c h r o m a t o g r a p h e d  (ThLC) o n
a l u m i n a  b y  e l u t i o n  w i t h  c y c l o h e x a n e / e t h y l  a c e t a t e  ( 8 : 2 ) t o
g i v e  t w o  f r a c t i o n s :
F r a c t i o n  A w a s  d i m e r  2 9 1 , a s  s h o w n  b y  p h y s i c a l  a n d
s p e c t r a l  d a t a .
F r a c t i o n  B w as  t r i m e r  2 9 2 , a  c o l o r l e s s ,  v i s c o u s  o i l :
1 20rng ( 2 % ) ;  Rf  = 0 . 6 8 ;  1 H NMR ( C D C ^  ) 5 2 . 9 2  ( s ,  N-CH3 ,  1 8 H ) ,
3 . 6 8  ( s ,  -CH ,  1 2 H ) ,  5 . 6 9  ( d ,  3 , 5 - P y H ,  J = 8  H z ,  6 H ) , 7 . 2 3
( t ,  4 - P y H ,  J = 8  H z ,  3 H ) ;  IR  (KBr)  2 9 9 5 ,  2 9 6 0 ,  1 5 8 0 ,  1 4 9 0 ,
1 4 2 0 ,  1 1 9 0 ,  1 1 5 5 ,  9 8 5 ,  7 70  c m " 1 ; MS m / e  489  <M+ ,
2 ) ,  150 (C H N , 1 0 0 ) .
8 12 9 ------
A n a l .  C a l c d .  f o r  C H N : C ,  6 6 . 2 6 ;  H,  7 . 9 6 ;  N,
  27 39 9
2 5 . 7 7 .  F o u n d :  C ,  6 5 . 9 8 ;  H,  7 . 9 2 ;  N,  2 5 . 5 7 .
s u s p e n s i o n  o f  NaH ( 1 5 4 m g ,  7 . 6 m m o l e s )  i n  d r y  x y l e n e  (50mL) 
N , N ' - d i m e t h y l e n e d i a m i n e  ( 1 4 1 m g ,  1 . 9 m m o l )  w a s  s l o w l y  a d d e d  
u n d e r  n i t r o g e n .  T he  s o l u t i o n  w as  m a i n t a i n e d  a t  2 5 ° C  f o r  30
H H
I I
MeNCH CH NMe
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A t t e m p t e d  P r e p a r a t i o n  o f  2 , 5 , 8 , 1 2 - T e t r a m e t h y l - 1 4 < N
( 2 , 6 ) p y r i d i n o , N ]  - c o r o n a n d - 6 > ( 2 9 1 ) .  To a  s t i r r e d
lie
m i n u t e s ,  t h e n  2 9 0  ( 5 0 0 m g ,  1 . 9 m m o l e s )  i n  x y l e n e  (50mL) was  
a d d e d  d r o p w i s e .  T h e  s o l u t i o n  w as  r e f l u x e d  f o r  7 d a y s ,  t h e n  
c a r e f u l l y  q u e n c h e d  w i t h  w a t e r  a n d  t h e  o r g a n i c  l a y e r  was 
s e p a r a t e d .  The  a q u e o u s  l a y e r  was  e x t r a c t e d  w i t h  m e t h y l e n e  
c h l o r i d e  (2  x 50mL) a n d  t h e  c o m b i n e d  o r g a n i c  e x t r a c t  was  
d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e  a n d  c o n c e n t r a t e d  i n  
v a c u o . NMR a n d  TLC s h o w e d  t h e  r e s u l t i n g  r e s i d u e  t o  be 
s t a r t i n g  m a t e r i a l .
3 , 6 , 1 2 , 1 5 - T e t r a m e t h y l - 1 8 < [ N { 2 , 6 ) p y r i d i n o , N - 1 . 2 . 1 ] -  
c o r o n a n d - 6 > ( 2 9 3 ) . M e t h o d  A . A s o l u t i o n  o f  2 , 6 - b i s -  
( c h l o r o m e t h y l J p y r i d i n e  ( 1 . 7 6 g ,  1 0 m m o l ) ,  N , N 1- d i m e t h y l -  
e t h y l e n e d i a m i n e  ( 8 8 0 m g ,  1 0 m m o l ) ,  a n d  p o t a s s i u m  c a r b o n a t e  
{ 3 . 6 6 g ,  2 0m m ol)  i n  N , N - d i i n e t h y l f o r m a m i d e  (600mL)  w a s  
s t i r r e d  a t  25 °C  f o r  72 h o u r s .  The  s o l u t i o n  was  f i l t e r e d  
a n d  t h e  s o l v e n t  w as  r e m o v e d  in  v a c u o  t o  a f f o r d  c r u d e  
p r o d u c t  ( 2 . 8 5 g ) ,  w h i c h  w as  c h r o m a t o g r a p h e d  (ThLC) o n  
a l u m i n a  b y  e l u t i o n  w i t h  c y c l o h e x a n e / e t h y l  a c e t a t e  ( 1 : 1 ) t o  
a f f o r d  tw o  f r a c t i o n s :
F r a c t i o n  A w a s  d i m e r  2 9 3 : 65mg ( 3 % ) ;  mp 8 0 - 8 1 ° C ;
R = 0 . 5 6 ;  1H NMR (200M H z,  CDC1 ) 8 2 . 3 9  ( s ,  N-CH , 1 2 H ) ,
I  J  '
2 . 4 8  ( s ,  N-CH2 , 8 H ) ,  3 . 5 7  ( s ,  P y - C H ^  8 H ) ,  7 . 1 5  ( d .
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3 , 5 - P y H ,  J = 7 . 6 H z ,  4 H ) ,  7 . 5 2  ( t ,  4 - P y H ,  J = 7 . 6  H z ,  2 h ) ;  IR  
(K B r)  2 9 6 0 ,  2 9 0 0 ,  1 5 8 0 ,  1 4 4 5 ,  1 1 3 5 ,  1 0 0 0 ,  8 3 0 ,  8 0 0 ,  740  
cm- 1 ; MS m / e  383  <M2 + , 1 4 ) ,  3 8 2  (M+, 2 5 ) ,  204
(C H N, 6 8 ) .
7 9
A n a l .  C a l c d .  f o r  C H N : C ,  6 9 . 1 1 ;  H,  8 . 9 0 ;  N,
  22 34  6
2 1 . 9 9 .  F o u n d :  C ,  6 8 . 8 9 ;  H,  8 . 6 7 ;  N,  2 1 . 8 1 .
F r a c t i o n  B w a s  t r i m e r  2 9 4 ,  a  v i s c o u s  o i l :  62mg (1 % ) ;
R = 0 . 4 5 ;  1 H NMR (200M Hz,  CDC1 ) S 2 . 2 7  ( s ,  N - C H , 1 8 H ) ,  
f  3 3
2 . 5 4  ( s ,  N-CH * 1 2 H ) ,  3 . 6 0  ( s ,  Py-CH , 1 2 H ) ,  7 . 2 1  ( d ,  3 , 5 - -  
~~2 ~~2
P y H , J = 7 . 6  H z ,  6 H ) ,  7 . 4 7  ( t ,  4 - P y H ,  J = 7 . 6  H z ,  3 H ) ;  IR
( n e a t )  2 9 7 0 ,  2 9 0 5 ,  1 5 8 5 ,  1 1 4 0 ,  1 0 1 0 ,  8 4 0 ,  8 0 0 ,  7 4 5  cm- 1;
MS m /e  5 7 2  (M+ , 1 2 ) ,  149 (C H N , J_00) , 107  ( C ^ N ,  1 00 )  .
An a l . C a l c d .  f o r  C H N :  C ,  6 9 . 1 1 ;  H,  8 . 9 0 ;  N,
  33 51 2
2 1 . 9 9 .  F o u n d :  C ,  6 8 . 8 9 ;  H,  8 . 7 8 ;  N ,  2 1 . 7 1 .
3 , 6 , 1 2 , 1 5 - T e t r a m e t h y l - 1 8 < [ N ( 2 , 6 ) p y r i d i n o , N - 1 . 2 . 1 ] -  
c o r o n a n d - 6 > ( 2 9 3 ) . M e th o d  B .  To a  s t i r r e d  s u s p e n s i o n  o f  
l i t h i u m  h y d r i d e  ( 1 6 0 m g ,  20mmol)  i n  N , N - d i m e t h y l f o r m a m i d e  
(DMF, 3 0 0 m L ) ,  N , N ' - d i m e t h y l e t h y l e n e d i a m i n e  ( 8 8 0 m g ,  10mmol)  
i n  DMF (50mL) w as  a d d e d  u n d e r  n i t r o g e n .  A f t e r  s t i r r i n g  a t  
25 °C  f o r  o n e  h o u r ,  2 , 6 - b i s ( c h l o r o m e t h y l ) p y r i d i n e  ( 1 . 7 6 g ,
8 3 ) ,  178  (C H N 
10 16 3
9 2 ) ,  149  (C H N 
'  9 13 2
1 0 0 ) ,  107
MeNCH-CHJVMe
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10mmol) i n  DMF (300mL)  w a s  a d d e d  d r o p w i s e .  T he  s o l u t i o n  
i n i t i a l l y  t u r n e d  b l u e  g r e e n ,  b u t  a f t e r  s t i r r i n g  f o r  s e v e r a l  
m i n u t e s  t h e  c o l o r  d i s s i p a t e d .  The m i x t u r e  was  s t i r r e d  f o r  
72  h o u r s  a t  2 5 ° C ,  a f t e r  w h i c h  t h e  s o l u t i o n  was  f i l t e r e d  a n d  
t h e  s o l v e n t  w as  r e m o v e d  v a c u o . The  r e s u l t i n g  c r u d e  
p r o d u c t  ( 1 . 7 0 g )  w a s  c h r o m a t o g r a p h e d  (ThLC) o n  a l u m i n a  by  
e l u t i o n  w i t h  c y c l o h e x a n e / e t h y l  a c e t a t e  ( 1 : 1 ) t o  a f f o r d  
d i m e r  293  ( 7 . 8 % )  a n d  t r i m e r  294 ( 8 % ),  b o t h  w e r e  c h a r a c t e r ­
i z e d  b y  TLC, NMR, a n d  MS a n d  s h o w n  t o  be i d e n t i c a l  t o  
p r e v i o u s l y  p r e p a r e d  s a m p l e s .
s o l v e d  i n  m e t h a n o l  a n d  a  s o l u t i o n  o f  c o b a l t ( I I )  c h l o r i d e  
( 2 8 m g ,  1 . 2  X 1 0 2 mm ol)  i n  m e t h a n o l  w as  a d d e d .  A l t e r  s l o w  
e v a p o r a t i o n  o f  t h e  m e t h a n o l ,  c r y s t a l s  s u i t a b l e  f o r  x - r a y  
s t r u c t u r e  d e t e r m i n a t i o n  w e r e  o b t a i n e d :  mp > 3 0 0 ° C .
Me OH
2 9 3 2 9 5
C o m p l e x a t i o n  o f  293  w i t h  C o b a l t ( I I )  C h l o r i d e . The 
d i m e r i c  m a c r o c y c l e  293 ( 4 5 . 6 m g ,  1 . 2  X 10^mmol)  w as  d i s -
HMCH^CH^LNH
298 299
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A t t e m p t e d  P r e p a r a t i o n  o f  1 4 < [ ( 2 , 6 ) P y r i d i n o , ( 1 , 4 ) -
p i p e r a z i n o ] ^ - c o r o n a n d - 6 > ( 3 3 1 ) . M e t h o d  A . To a  s t i r r e d
s u s p e n s i o n  o f  s o d i u m  h y d r i d e  ( 2 . 0 g ,  SOmmol) i n  d r y  x y l e n e
( 2 5 0 m L ) f p i p e r a z i n e  ( 2 . 1 5 g ,  25m m ol)  i n  x y l e n e  (50mL) w as
a d d e d  u n d e r  n i t r o g e n .  The s o l u t i o n  was  s t i r r e d  f o r  o n e
h o u r ,  t h e n  2 , 6 - d i c h l o r o p y r i d i n e  ( 3 . 7 g ,  25mm ol)  w a s
a d d e d .  T h e  r e a c t i o n  w a s  r e f l u x e d  f o r  72 h o u r s ,  c o o l e d ,
a n d  c a r e f u l l y  q u e n c h e d  w i t h  w a t e r .  The  o r g a n i c  l a y e r  w as
c o n c e n t r a t e d  v a c u o  t o  g i v e  a r e s i d u e  ( 5 . 1 6 g ) ,  w h i c h  was
c h r o m a t o g r a p h e d  (ThLC) o n  s i l i c a  g e l .  E l u t i o n  w i t h
m e t h a n o l / c h l o r o f o r m  ( 1 : 9 )  a f f o r d e d  tw o  p r o d u c t s :
F r a c t i o n  A w as  t h e  1 :1  o p e n - c h a i n  c o m p o u n d  2 9 8 , a
c o l o r l e s s  v i s c o u s  o i l :  104mg ( 1 2 % ) ;  R = 0 . 3 5 ;  ^H NMR (CDC1 )
f  3
5 1 . 8 1  ( s ,  - N H ,  1H ) , 2 . 9 3  (m, a-CH ,  4 H ) ,  3 . 4 9  (m, /3-CH ,z z
4 H ) ,  6 . 4 0  ( d ,  3 , 5 - P y H ,  J = 7 . 5  H z ,  1 H ) ,  6 . 5 3  ( d ,  3 , 5 - P y H ,
J = 7 . 5  H z,  1H ) ,  7 . 3 4  ( t ,  4 - P y H ,  J = 7 . 5  H z ,  1 H ) ;  IR ( n e a t )
2 9 4 0 ,  2 9 2 0 ,  1 5 8 0 ,  1 4 6 0 ,  1 2 4 0 ,  1 1 6 0 ,  1 1 3 0 ,  9 7 0 ,  7 9 0 ,  770
cm- 1 ; MS m / e  197 (M+ , 2 5 ) ,  155  (C H N C l ,  1 0 0 ) .
7 8  2
A n a l . C a l c d .  f o r  C H N C l :  C ,  5 4 . 8 2 ;  H,  6 . 0 9 ;  N,
*7 I Z J
2 1 . 3 2 .  F o u n d :  C ,  5 4 . 5 6 ;  H,  5 . 8 9 ;  N , 2 1 . 0 1 .
F r a c t i o n  B  a f f o r d e d  t h e  2 : 1  c o m p o u n d  2 9 9 : 4 9 . 5 m g
( 3 . 8 % ) ;  mp 1 4 2 - 1 4 3 ° C ;  R = 0 . 7 5 ?  1H NMR (CDC1 ) S 3 . 6 7  ( s ,
f  3
-C H 2 , 8 H ) ,  6 . 4 8  ( d ,  3 , 5 - P y H ,  J = 8  H z ,  2 H ) ,  6 . 5 9  ( d ,  3 , 5 -
P y H ,  J = 8  H z ,  2 H ) ,  7 . 4 2  ( t ,  4 - P y H ,  J = 8  H z ,  2 H ) ;  IR  (K B r )
2 9 4 0 ,  2 9 2 0 ,  1 5 8 0 ,  1 5 4 0 ,  1 4 6 0 ,  1 4 3 0 ,  1 2 4 0 ,  1 1 6 0 ,  1 1 3 0 ,  9 7 0
cm- 1 ; MS m / e  309  (M+ , 2 ) ,  141 ( C B N  C l ,  1 0 0 ) .
6 5 2
A n a l .  C a l c d .  f o r  C. . H _ N . C 1 _ :  C ,  5 4 . 3 7 ;  H,  4 . 5 3 ;  N,
  14 14 4 2
1 8 . 1 2 .  F o u n d :  C ,  5 4 . 4 8 ;  Hf 4 . 5 4 ;  N,  1 8 . 0 3 .
o f  p i p e r a z i n e  ( 2 . 1 5 g ,  25m m ol)  i n  a n h y d r o u s  b e n z e n e  ( 2 5 0 m L ) ,  
b u t y l l i t h i u m  (23m L ,  SOmmol) w a s  a d d e d  d r o p w i s e  u n d e r  
n i t r o g e n .  The  m i x t u r e  was  r e f l u x e d  f o r  o n e  h o u r ,  t h e n
2 , 6 - d i c h l o r o p y r i d i n e  ( 3 . 7 0 g ,  25mL) i n  b e n z e n e  (25mL) w a s  
s l o w l y  a d d e d .  A f t e r  r e f l u x i n g  f o r  24 h o u r s ,  t h e  m i x t u r e  
w a s  c o o l e d ,  a n d  w a t e r  was  c a r e f u l l y  a d d e d .  The  s o l v e n t  was 
r e m o v e d  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e  a n d  c o n c e n ­
t r a t e d  J j i  v a c u o . O t h e r  t h a n  b u t y l a t e d  p r o d u c t s ,  o n l y  o n e  
p r o d u c t  was  i s o l a t e d  a n d  s h o w n  t o  be  t h e  2 : 1  c o m p o u n d  2 9 9  
( 2 g ,  5 2 % ) ,  a c c o r d i n g  t o  p h y s i c a l  a n d  s p e c t r a l  d a t a .
( 3 0 0 ) . To  a  s t i r r e d  s u s p e n s i o n  o f  a n h y d r o u s  p o t a s s i u m
■>
2 9 9
A t t e m p t e d  P r e p a r a t i o n  o f  1 4 < ( 2 , 6 ) p y r i d i n o , ( 1 , 4 ) -  
p i p e r a z i n o j  - c o r o n a n d - 6 > . M e t h o d  B . To a  s t i r r e d  s o l u t i o n
1 8 < [ ( 2 , 6 ) F y r i d i n o , ( 1 , 4 ) p i p e r a z i n o , - 1 ]  - c o r o n a n a - 6 >
•W b
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c a r b o n a t e  ( 3 . 6 6 g ,  2 0m m ol)  i n  N , N - d i m e t h y l f o r m a m i d e  (DMF; 
5 0 0 m l ) ,  p i p e r a z i n e  ( 8 6 0 m g ,  lOmmol)  i n  DMF (25mL) a n d  2 , 6 -  
b i s / c h l o r o m e t h y l ) p y r i d i n e  ( 1 . 7 6 g ,  10mmol)  i n  DMF (25mL) 
w e r e  s l o w l y  a d d e d  u n d e r  n i t r o g e n .  The  r e a c t i o n  w as  s t i r r e d  
a t  2 5 ° C f o r  72  h o u r s ,  f i l t e r e d ,  a n d  t h e  s o l v e n t  was  r e m o v e d  
i n  v a c u o . T h e  r e s u l t i n g  r e s i d u e  w as  d i s s o l v e d  i n  
c h l o r o f o r m ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  i j i  v a c u o  t o  g i v e  a  
c r u d e  p r o d u c t  w h i c h  w as  c o l u m n  c h r o m a t o g r a p h e d  o n  n e u t r a l  
a l u m i n a .  E l u t i o n  w i t h  2% m e t h a n o l  i n  c h l o r o f o r m  a f f o r d e d  
t h r e e  f r a c t i o n s :
F r a c t i o n  A a f f o r d e d  d i m e r  3 0 0 : 50mg ( 2 . 6 % ) ;  2 7 5 DC 
( d e c ) ;  R ^ = 0 . 8 9  (2% m e t h a n o l  i n  c h l o r o f o r m ,  a l u m i n a ) ;  1H NMR 
(200M Hz,  CDC1 ) 8 2 . 5 8  ( s ,  j3-CH , 1 6 H ) , 3 . 7 7  ( s ,  a -CH  ,
J b b
8 H ) ,  7 . 0 1  ( d ,  3 , 5 - P y H ,  J = 7 . 3  H z,  4 H ) ,  7 . 5 2  ( t ,  4 - P y H ,
J = 7 .  3 Hz,  2 H ) ;  I R  (K B r)  2 9 6 0 ,  2 9 0 0 ,  1 5 8 0 ,  1 4 4 5 ,  1 1 3 5 ,  1 0 0 0 ,
8 3 0 ,  8 0 0 ,  7 4 0  cm- 1 ; MS m / e  378  (M+ , 2 6 ) ,  190 (C H N ,
11 16 3
2 5 ) ,  107 (C 7 Hg N, J 0 0 ) .
A n a l .  C a l c d .  f o r  C„ N : C ,  6 9 . 8 4 ;  H ,  7 . 9 4 ;  N ,
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2 2 . 2 2 .  F o u n d :  C ,  6 9 . 8 9 ;  H,  7 . 9 7 ;  N ,  2 2 . 5 2 .
F r a c t i o n  B a f f o r d e d  t r i m e r  3 0 1 t 155mg ( 1 8 % ) ;  R ^ = 0 . 7 3  
(2% m e t h a n o l  i n  c h l o r o f o r m ,  a l u m i n a ) ;  *H NMR (200M Hz,
CDCl ) 8  2 . 4 8  ( s ,  /3-CH , 2 4 H ) ,  3 . 6 4  ( s ,  a-CH , 1 2 H ) ,  7 . 2 4
■9 b b
( d ,  3 , 5 - P y H ,  J = 7 . 3  H z ,  6 H ) ,  7 . 5 7  ( t ,  4 - P y H ,  J = 7 . 3  H z ,  3 H ) ;
I R  ( n e a t )  2 9 6 5 ,  2 9 1 0 ,  1 5 8 5 ,  1 4 4 5 ,  1 1 3 4 ,  1 0 1 0 ,  8 3 0 ,  8 1 0
c m " 1 ; MS m / e  5 67  (M+ ,  6 0 ) ,  3 79  (C H N .  2 2 ) ,  190
2 2  31 6
<C11H 16N3' 22)/ 106 (C7H8N ' — J*
A n a l . C a l c d .  f o r  C3 3 H4 5 N9 : c ' 6 9 . 8 4 ;  H ,  7 . 9 4 ;  N,
2 2 . 2 2 .  F o u n d :  C r 6 9 . 6 5 ;  H,  7 . 8 9 ;  N ,  2 1 . 9 8 .
F r a c t i o n  C a f f o r d e d  t e t r a m e r  3 0 2 ; 270mg ( 1 4 % ) ;
R = 0 . 6 1 ;  1H NMR (200M H z,  CDC1 ) S 2 . 5 1  ( s ,  /3-CH , 3 2 H ) ,
L J a
3 . 6 5  ( s ,  a “ CH2 r 1 6 H ) ,  7 . 2 5  ( d ,  3 , 5 - P y H ,  J = 7 . 9  Hz 8 H ) ,  7 . 5 7
( t ,  4 - P y H ,  J = 7 . 9 H z ,  4 H ) ;  I R  ( n e a t )  2 9 7 0 ,  2 9 0 0 ,  1 5 9 0 ,  1 4 5 0 ,
1 1 3 5 ,  1 0 1 5 ,  8 3 5 ,  8 10  c m " 1 ; MS m / e  756  (M+ , 8 ) ;  567
(C 3 3 H4 5 N9 '  4 ) ?  1 9 0  ( C 1 1 H16N3 '  35>,‘ 1 3 3  <C8 H9 N2 '  3 3 ) ;  1 0 7  
(C? H9 N, 1 0 0 ) .
A n a l .  C a l c d .  f o r  C . , H „  N „ _ :  C ,  6 9 . 8 4 ;  H ,  7 . 9 4 ;  N,
  44 60 12
2 2 . 2 2 .  F o u n d :  C ,  6 9 . 9 9 ;  H, 7 . 8 0 ;  N,  2 1 . 9 5 .
»  3 0 3
C o m p l e x a t i o n  o f  1 8 < [ ( 2 , 6 ) P y r i d i n o , ( 1 , 4 ) p i p e r a z i n o , -
1 ] - c o r o n a n d - 6 > ( 3 0 0 )  w i t h  C o p p e r ( I I )  C h l o r i d e .  To a  
2  z-------------------------------------------------------- ---------------------------------
s o l u t i o n  o f  c o r o n a n d  3 0 0  ( 2 1 m g ,  5 . 5 6  X 10~ ^m m ol)  i n  
m e t h a n o l  ( 5 m L ) ,  c o p p e r ( I I )  c h l o r i d e  ( 7 . 4 7 m g ,  5 . 5 6  X 10 - 5  
mm ol)  i n  m e t h a n o l  (2mL) w a s  a d d e d .  The  s l o w  e v a p o r a t i o n  o f  
t h e  m e t h a n o l  l e a d  t o  t h e  f o r m a t i o n  o f  a m b e r  c r y s t a l s  303  
(mp > 3 0 0 ° C )  s u i t a b l e  f o r  X - r a y  a n a l y s i s .
NaBH
n h 2 n h 2
A t t e m p t e d  P r e p a r a t i o n  o f  2 , 6 - B i s ( a m i n o n i e t h y l  ) p y r i d i n e . 
M e th o d  A . S o d i u m  B o r o h y d r i d e . S o d i u m  b o r o h y d r i d e  ( 1 8 . 9 g ,  
0 . 5 0 m o l )  w a s  s l o w l y  a d d e d  t o  a  s o l u t i o n  o f  2 , 6 - p y r i d i n e d i -  
c a r b o x a m i d e  ( 1 . 6 5 g ,  O . I O m o l )  i n  a n h y d r o u s  m e t h a n o l  (SOOmL) 
v i a  a  s o l i d  a d d i t i o n  f u n n e l .  The  t e m p e r a t u r e  w as  m a i n ­
t a i n e d  b e l o w  5 0 ° C .  A f t e r  t h e  a d d i t i o n  was  c o m p l e t e d ,  a d d i ­
t i o n a l  m e t h a n o l  (30mL) w a s  i n t r o d u c e d  a n d  t h e  t e m p e r a t u r e  
w as  m o n i t e r e d  a t  4 5 ° C  f o r  s e v e r a l  h o u r s  u n t i l  t h e  r e a c t i o n  
s u b s i d e d .  The  m i x t u r e  w as  r e f l u x e d  f o r  10 h o u r s ,  c o o l e d ,  
a n d  a c e t o n e  (50mL) w a s  a d d e d .  A f t e r  e v a p o r a t i o n ,  t h e  
m i x t u r e  w as  h e a t e d  f o r  1 . 5  h o u r s  i n  10% s o d i u m  c a r b o n a t e  
(4 m L ) , t h e n  t a k e n  t o  d r y n e s s ,  a n d  t h e  r e s u l t i n g  s o l i d  was  
c o n t i n u o u s l y  e x t r a c t e d  w i t h  c h l o r o f o r m  t o  a f f o r d  e x c l u s ­
i v e l y  s t a r t i n g  m a t e r i a l .
LAH
--------------->  NR
n h 2 n h 2
M e t h o d  B . L i t h i u m  A lu m in u m  H y d r i d e .  To a  s u s p e n s i o n  
o f  2 , 6 - p y r i d i n e d i c a r b o x a m i d e  ( 2 g ,  1 2 mmol)  i n  a n h y d r o u s  
t e t r a h y d r o f u r a n  {THF, 5 0 0 m L ) ,  l i t h i u m  a l u m i n u m  h y d r i d e  { 2 g ,  
53mmol)  w as  s l o w l y  a d d e d  u n d e r  n i t r o g e n .  The  r e a c t i o n  w as  
s t i r r e d  a t  2 5 ° C  f o r  t w e l v e  h o u r s  a n d  t h e n  r e f l u x e d  f o r  
t w e l v e  h o u r s .  A f t e r  c o o l i n g ,  i c e  w a t e r  (3mL) w a s  c a u t ­
i o u s l y  a d d e d .  The  s l u r r y  w as  f i l t e r e d  a n d  t h e  r e s u l t i n g  
s o l i d  w as  w a s h e d  w i t h  c o l d  THF. T h e  o r g a n i c  l a y e r  was
d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e  a n d  c o n c e n t r a t e d  i n  
v a c u o . The  r e s i d u e  w as  w a s h e d  w i t h  h y d r o c h l o r i c  a c i d  
( 1 0 % ) ,  f i l t e r e d ,  a n d  n e u t r a l i z e d  w i t h  3N s o d i u m  h y d r o x i d e .  
T h e  a q u e o u s  s o l u t i o n  was  f i l t e r e d  t o  a f f o r d  s t a r t i n g  
m a t e r i a l  a c c o r d i n g  t o  m e l t i n g  p o i n t  d a t a ,  mp 3 1 9 - 3 2 0 ° C  
( l i t J S I  mp 3 2 0 - 3 2 1  ° C ) .
2 , 6 - B i s ( c h l o r o m e t h y l ) p y r i d i n e  w i t h  N , N , - B i s ( 3 - a m i n o -  
p r o p y l ) p i p e r a z i n e . To a  s t i r r e d  s u s p e n s i o n  o f  a n h y d r o u s  
p o t a s s i u m  c a r b o n a t e  ( 9 6 0 m g ,  20m m ol)  i n  N , N - d i m e t h y l -  
f o r m a m i d e  ( D M F ,  5 0 0 m L ) ,  2 , 6 - b i s ( c h l o r o m e t h y l ) p y r i d i n e  
( 1 . 7 6 g ,  10mmol)  i n  D M F  (25mL) a n d  N , N 1- b i s ( 3 - a m i n o p r o p y l ) -  
p i p e r a z i n e  ( 2 g ,  lO mmol)  i n  D M F  (25mL) w e r e  s l o w l y  a d d e d  
s i m u l t a n e o u s l y .  A f t e r  72 h o u r s  u n d e r  n i t r o g e n  a t  25 °C  t h e  
s o l v e n t  w a s  r e m o v e d  _in v a c u o . T he  r e s u l t i n g  r e s i d u e  was  
w a s h e d  w i t h  c h l o r o f o r m ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  j j i  v a c u o  
t o  a f f o r d  o n l y  p o l y m e r i c  m a t e r i a l  w h i c h  w o u l d  n o t  r e d i s ­
s o l v e  i n  c h l o r o f o r m .
polymers
Cl Cl K2C03* DMF
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2 - A m i n o - 7 - h y d r o x y - 1 , B - n a p h t h y r i d i n e  ( 3 0 4 ) .  A m i x t u r e
o f  m a l i c  a c i d  ( 3 . 0 g ,  22m m ol)  a n d  2 , 6 - d i a m i n o p y r i d i n e  ( 2 . 2 g ,
2 0 mmol)  w as  g r o u n d  t o  a n  i n t i m a t e  p o w d e r ,  c o o l e d  i n  a n  i c e
b a t h ,  a n d  c o n c e n t r a t e d  s u l f u r i c  a c i d  ( 1 0 mL) w a s  a d d e d
d r o p w i s e .  The  s o l u t i o n  w as  h e a t e d  t o  1.10°C f o r  t w o  t o
t h r e e  h o u r s ,  t h e n  p o u r e d  o v e r  i c e ,  a n d  made a l k a l i n e  w i t h
c o n c e n t r a t e d  ammonium h y d r o x i d e  (pH8 ) .  2 - A m i n o - 7 - h y d r o x y -
1 , 8 - n a p h t h y r i d i n e  was  i s o l a t e d :  mp > 350®C ( l i t . 162 mp
> 3 6 0 ° C ) ;  3 . 5 6g  ( 9 7 % ) ;  1 H NMR (D M S O -d .)  8 6 . 1 2  ( d ,  3 - N a p h H ,
6
J = 9  H z ,  1H) ,  6 . 3 5  ( d ,  6 - N a p h H ,  J = 9  H z ,  1 H ) ,  6 . 9 4  ( s ,  -NH2 , 
2 H ) ,  7 . 6 5  ( d ,  4 , 5 - N a p h H ,  J = 9  H z ,  2 H ) .
2 , 7 - D i h y d r o x y - 1 , 8 - n a p h t h y r i d i n e . 2 - A m i n o - 7 - h y d r o x y -
1 , 8 - n a p h t h y r i d i n e  ( 4 . 7 g ,  29m m ol)  w a s  g r o u n d  t o  a  f i n e  
p o w d e r  a n d  a d d e d  t o  c o n c e n t r a t e d  s u l f u r i c  a c i d  ( 4 0 m L ) ,  t h e n  
s o d i u m  n i t r i t e  ( 2 . 4 g )  w as  a d d e d .  The  m i x t u r e  w a s  a l l o w e d  
t o  s t a n d  f o r  f i v e  m i n u t e s ,  p o u r e d  o v e r  c r u s h e d  i c e  a n d  
a l l o w e d  t o  s t a n d  f o r  t e n  m i n u t e s .  E x c e s s  s o d i u m  n i t r i t e  
w as  n e u t r a l i z e d  w i t h  s o d i u m  c a r b o n a t e ,  t h e n  t h e  s o l u t i o n
2
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w as  a c i d i f i e d  w i t h  g l a c i a l  a c e t i c  a c i d  (pH 3 )  g i v i n g  3 0 5 ,
a s  a  p a l e  g r e e n  p o w d e r :  mp 3 2 1 - 3 2 3 ° C  ( l i t . 162 mp 3 2 0 -
3 3 0 ° C ) ;  4 . 1 g ( 8 7 % ) ;  1H NMR (DMSO-d ) 6  3 . 1 5  ( b s ,  -O H ,  2 H ) ,
6
6 . 2 5  ( d ,  3 , 6 - N a p h H , J = 9  H z ,  2 H ) ,  7 . 7 5  ( d ,  4 , 5 - N a p h H ,  J = 9  
H z ,  2 H ) .
2 , 7 - D i c h l o r o - 1 , 8 - n a p h t h y r i d i n e . A m i x t u r e  o f  2 , 7 -  
d i h y d r o x y - 1 , 8 - n a p h t h y r i d i n e  ( 5 0 0 m g ,  3 . 1 m m o l ) ,  p h o s p h o r u s  
p e n t a c h l o r i d e  ( 1 . 2 5 g ,  7 m m o l ) ,  a n d  p h o s p h o r u s  o x y c h l o r i d e  
( 1 . 1 2 g ,  7mmol)  w a s  r e f l u x e d  f o r  t w o  h o u r s ,  t h e n  i c e  was  
c a r e f u l l y  a d d e d .  T he  s o l u t i o n  was  made a l k a l i n e  w i t h  
s o d i u m  c a r b o n a t e .  A b r o w n  p r e c i p i t a t e  w as  c o l l e c t e d  a n d  
r e c r y s t a l l i z e d  f r o m  a c e t o n e  t o  g i v e  3 0 6 , a s  a  w h i t e  p o w d e r  
s u b l  p t  2 5 8 °C ( l i t J S 2 s u b l  p t  2 5 9 ° C ) ;  500  mg ( 8 1 % ) ;  *H 
NMR (CDC13 ) 8 7 . 5 0  ( d ,  3 , 5 - N a p h H ,  J = 9  H z ,  2 H ) ;  8 . 1 0  ( d ,
4 , 5 - N a p h H ,  J = 9  H z ,  2 H ) .
2 , 7 - D i c y a n o - 1 , 8 - n a p h t h y r i d i n e .  M e t h o d  A . P o t a s s i u m  
C y a n i d e . To a  s t i r r e d  s o l u t i o n  o f  p o t a s s i u m  c y a n i d e  ( 1 . 3 g  
20mm ol)  i n  d r y  N , N - d i m e t h y l f o r m a m i d e  ( 2 5 0 m L ) ,  2 , 6 - d i c h l o r o
POCI
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KCN block insoluble 
material
1 , 8 - n a p h t h y r i d i n e  ( 2 g ,  1 0 mmol) w a s  a d d e d  u n d e r  n i t r o g e n .  
T h e  s o l u t i o n  w as  h e a t e d  a t  8 0 °C f o r  24 h o u r s .  A f t e r  
c o o l i n g ,  t h e  s o l v e n t  w as  r e m o v e d  J j i  v a c u o  t o  a f f o r d  o n l y  
b l a c k  i n s o l u b l e  m a t e r i a l  ( 3 . 3 g ) .
M e t h o d  B. C u p r o u s  C y a n i d e . F i n e l y  p o w d e r e d  2 , 7 - d i -  
c h l o r o - 1 , 8 - n a p h t h y r i d i n e  ( 2 g ,  lOmmol)  w as  a d d e d  t o  a  
s t i r r e d  s o l u t i o n  o f  c u p r o u s  c y a n i d e  ( 4 . 3 3 g ,  SOmmol) i n  d r y  
p y r i d i n e  ( 1 0 0 m L ) .  A f t e r  r e f l u x i n g  f o r  24 h o u r s ,  t h e  s o l u ­
t i o n  w a s  c o o l e d  a n d  a  s a t u r a t e d  s o l u t i o n  o f  s o d i u m  c y a n i d e  
( 1 0 0 mL) w as  a d d e d  a n d  t h e  m i x t u r e  w a s  s t i r r e d  f o r  8 h o u r s  
a t  r o o m  t e m p e r a t u r e  t o  a f f o r d  b l a c k  i n s o l u b l e  c r u d e  
( 2 . 9 8 g ) .
2 , 7 - D i c h l o r o - 1 , 8 - n a p h t h y r i d i n e  w i t h  D i e t h y l e n e  G l y c o l . 
To a  s t i r r e d  s u s p e n s i o n  o f  s o d i u m  h y d r i d e  ( 9 6 0 m g ,  20rnmol)  
i n  d r y  N , N - d i m e t h y f o r m a m i d e  {DMF, lO m L ) ,  d i e t h y l e n e  g l y c o l  
( 1 . 0 6 g ,  10mmol)  i n  DMF (25inL) w as  s l o w l y  a d d e d .  The  
m i x t u r e  was  s t i r r e d  a t  25*C f o r  o n e  h o u r  a n d  3 0 6  ( 2 g ,
black insoluble 
m aterial
3 07  n=2
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lOimnol)  i n  DMF (100m L )  w as  s l o w l y  a d d e d .  The r e a c t i o n  was  
h e a t e d  a t  8 0 °C  f o r  7 2  h o u r s ,  c o o l e d ,  a n d  t h e n  w a t e r  was  
c a u t i o u s l y  a d d e d .  T h e  s o l v e n t  w as  r e m o v e d  _in v a c u o , a n d  
t h e  r e s u l t a n t  s o l i d  w as  w a s h e d  w i t h  m e t h y l e n e  c h l o r i d e  (3 X 
1 0 0 m L ) ,  f i l t e r e d ,  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  
f i l t e r e d ,  a n d  c o n c e n t r a t e d  ± n  v a c u o  t o  g i v e  a n  o i l ,  w h i c h  
w a s  c h r o m a t o g r a p h e d  (ThLC) o n  a l u m i n a  by  e l u t i n g  t w i c e  w i t h  
c h l o r o f o r m  t o  a f f o r d  t w o  m a c r o c y c l e s :
F r a c t i o n  A a f f o r d e d  3 0 7 , a s  c o l o r l e s s  n e e d l e s  
( c h l o r o f o r m / 2 - p r o p y l  a l c o h o l ) :  mp 2 5 4 - 2 5 5 ° C ;  78mg ( 1 . 6 % ) ;
Rf = 0 . 4 6  ( c h l o r o f o r m ,  a l u m i n a ) ;  ^  NMR (200M Hz,  CDC13 ) §
4 . 0 4  (m, /3-CH2 , 8 H ) ,  4 . 8 2  (m, <*-CH2 , 8 H ) ,  6 . 5 8  ( d ,  3 , 6 -  
N a p h H ,  J = 8 . 5  H z ,  4 H ) ,  7 . 6 7  ( d ,  4 , 5 - N a p h H ,  J = 8 . 5  Hz,  4 H ) ;
I R  ( n e a t )  1 6 3 0 ,  1 5 1 0 ,  1 3 3 0 ,  1 1 3 0 ,  8 0 0  cm- 1 ; MS m / e  464 
(M+ , 5 ) ,  2 59  ( 2 2 ) ,  231 (51 ) ,  189  ± 0 0 ) ,  162
( 5 2 ) ,  145  ( 3 7 ) .
A n a l . C a l c d . f o r  C2 4 H2 6N4 ° 7 : C '  5 9 *76 H'  4 *9 7 ? N *
1 1 . 6 2 .  F o u n d :  C ,  5 9 . 8 5 ;  H, 4 . 9 9 ;  N,  1 1 . 5 6 .
F r a c t i o n  B a f f o r d e d  3 0 8 , a s  c o l o r l e s s  m i c r o c r y s t a l s
( c h l o r o f o r m - p r o p y l  a l c o h o l ) :  36mg ( 0 . 5 % ) ;  mp 2 3 0 - 2 3 0 . 5 ° C ;
R = 0 . 4 6  ( c h l o r o f o r m ,  a l u m i n a ) ;  ^  NMR (200M Hz,  CDC1„) r  3
3 . 9 7  (m, /3-CH2 , 1 2 H ) ,  4 . 6 9  (m, <*-CH2 , 1 2 H ) ,  6 . 7 8  ( d ,
3 , 6 - N a p h H ,  J = 9  H z ,  6 H ) ,  7 . 7 9  ( d ,  2 , 5 - N a p h H ,  J = 9  H z ,  6 H ) ;  IR 
( n e a t )  1 6 1 0 ,  1 5 1 0 ,  1 3 4 0 ,  1 2 7 0 ,  1 1 3 5 ,  1 0 2 5 ,  8 5 0 ,  8 0 5  
c m " 1 ; MS m / e  6 96  (M+ , 1 2 ) ,  189  ( C 1QHgN2 0 2 ,  ± 0 0 ) .
A n a l .  C a l c d .  f o r  C _ _ H _ _ N _ 0 _ :  C ,  6 2 . 0 7 ;  H ,  5 . 1 7 ;  N ,
36  36 6 9
1 2 . 0 7 .  F o u n d :  C ,  6 1 . 7 7 ;  H ,  5 . 4 0 ;  N,  1 1 , 9 9 .
2 , 7 - D l c h l o r o - 1 , 8 - n a p h t h y r i d i n e  w i t h  T r i e t h y l e n e  
G l y c o l .  T r i e t h y l e n e  g l y c o l  ( 1 . 5 g ,  10mmol)  i n  d r y  
N , N - d  i m e t h y l f o r m a m i d e  (DMF, 25mL) w a s  a d d e d  t o  a  s t i r r e d  
s u s p e n s i o n  o f  s o d i u m  h y d r i d e  ( 9 6 0 m g ,  20m m ol)  i n  d r y  DMF 
( 1 0 m L ) .  The  m i x t u r e  w as  s t i r r e d  a t  2 5 ° C  f o r  o n e  h o u r ,  
t h e n  306  ( 2 g ,  lOnunol)  i n  DMF (100mL) w a s  a d d e d  d r o p w i s e .  
T h e  r e a c t i o n  was  h e a t e d  a t  8 0 °C f o r  72  h o u r s ,  c o o l e d ,  a n d  
t h e n  w a t e r  (50mL) w a s  c a u t i o u s l y  a d d e d .  The  s o l v e n t  was  
r e m o v e d  i j i  v a c u o  a n d  t h e  r e s u l t i n g  s o l i d  w as  w a s h e d  w i t h  
m e t h y l e n e  c h l o r i d e  (3 X 100mL) a n d  f i l t e r e d .  The  f i l t r a t e  
w a s  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  
c o n c e n t r a t e d  j^n v a c u o  t o  g i v e  a n  o i l ,  w h i c h  w as  c h r o m a t o ­
g r a p h e d  (ThLC) o n  a l u m i n a  b y  e l u t i n g  o n c e  w i t h  c h l o r o f o r m  
t o  g i v e  d i m e r  3 0 9 , a s  a  w h i t e  s o l i d :  HOmg ( 2 % ) ;  mp
2 1 9 - 2 2 0 ° C  ( e t h a n o l ) ;  Rf = 0 . 3 6 ;  1H NMR ( C D C l ^  5 3 . 7 4  ( s ,  
Y-CH2 , 8 H ) ,  3 . 8 9  (m, 0 - C H 2 , 8 H ) ,  4 . 7 0  (m, “ " C ^ ,  8 H ) ,  6 . 7 7  
( d ,  3 , 6 - N a p h H ,  J = 9  H z ,  4 H ) ,  7 . 7 8  ( d ,  4 , 5 - N a p h H ,  J = 9  h z ,
4 H ) ; I R  ( n e a t )  1 6 0 0 ,  1 4 9 5 ,  1 4 3 0 ,  1 3 2 0 ,  1 2 5 0 ,  1 1 0 5 ,  1 0 5 0 ,
132
9 4 0 ,  8 4 5 ,  8 0 0  cm- 1 ; MS m / e  5 52  (M+ , 2 ) ,  2 7 5  ( 3 0 ) ,  231
( 1 9 ) ,  189 ( C  H N O 1 0 0 ) ,  1 6 2 ,  ( 9 8 ) ,  145 ( 3 7 ) .
10 9 2 2
A n a l .  C a l c d .  f o r  C H N 0  : C ,  5 8 . 9 8 ;  H,  5 . 6 1 ;  N,
28  34 4 9
9 . 8 2 .  P o u n d :  C ,  5 9 . 1 2 ;  H,  5 . 8 1 ;  N,  9 . 8 9 .
5 , 1 7 - D i m e t h y l - 2 4 < [ 0 ( 2 , 7 ) 1 , 8 - n a p h t h y r i d i n o , O N ]  -
' ” " ' 1 ' ' 1 2
c o r o n a n d - 1 0 >  ( 3 1 0 ) . To a  s t i r r e d  s u s p e n s i o n  o f  s o d i u m
h y d r i d e  ( 1 2 0 m g ,  Smmol) i n  d r y  N , N - d i m e t h y I f o r m a m i d e  (DMF,
1 0 m L ) ,  N - m e t h y l d i e t h a n o l a m i n e  (2 9 8 m g ,  2 . Smmol) i n  DMF
(50ml. )  w a s  s l o w l y  a d d e d  u n d e r  n i t r o g e n .  T he  m i x t u r e  was
s t i r r e d  a t  2 5 ° C  f o r  o n e  h o u r  a n d  3 0 6  ( 5 0 0 m g ,  2 . Smmol) i n
DMF (lOOmL) w a s  a d d e d  d r o p w i s e .  T h e n  t h e  r e a c t i o n  was
h e a t e d  a t  8 0 ° C  f o r  72  h o u r s ,  c o o l e d ,  a n d  w a t e r  was
c a u t i o u s l y  a d d e d .  T h e  s o l v e n t  w as  r e m o v e d  iin v a c u o ,  a n d
t h e  r e s u l t i n g  s o l i d  w as  w a s h e d  w i t h  m e t h y l e n e  c h l o r i d e  (3  X
100mL) a n d  f i l t e r e d .  T h e  f i l t r a t e  was  d r i e d  o v e r  a n h y d r o u s
m a g n e s i u m  s u l f a t e  a n d  c o n c e n t r a t e d  u i  v a c u o  t o  g i v e  a n  o i l ,
w h i c h  w as  c h r o m a t o g r a p h e d  (ThLC) o n  a l u m i n a  b y  e l u t i n g  w i t h
c h l o r o f o r m  t o  a f f o r d  t h e  d i m e r  3 1 0 : 56mg ( 4 . 6 % ) ;  R ^ = 0 . 6 4
( c h l o r o f o r m ,  a l u m i n i a ) ;  ^H NMR ( C D C l^ )  8 2 . 5 7  ( s ,  N-CH^,
6 H ) ,  3 . 0 4  ( t ,  /3-CH ,  8 H ) ,  4 . 7 3  ( t ,  o -C H  ,  J = 6  H z ,  8 H ) ,  6 . 7 6
2 2
( d ,  3 , 6 - N a p h I I ,  J  = 8 H z ,  4 H ) ,  7 . 6 7  ( d ,  4 , 5 - N a p h H ^  J = 8  Hz,
133
4 H ) ;  IR  ( K B r ) 1 6 2 0 ,  1 5 2 0 ,  1 3 4 5 ,  1 2 8 0 ,  8 5 0  cm- 1 ; MS m / e
4 9 0  ( M S  2 ) ,  189  ( c 1 0 h9 n2 ° 2 '  TOO) -
A n a l .  C a l c d .  f o r  C „ H  N . O / H C l :  C ,  5 9 . 2 6 ;  H,  5 . 6 9 ;
  26 30 4 4
N,  1 5 . 9 5 .  F o u n d :  C ,  5 9 . 0 0 ;  H,  5 . 8 5 ;  N,  1 5 . 6 0 .
CH, n ^ n h 2
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2 - M e t h y l - l , 8 - n a p h t h y r i d i n e . S k r a u p  R e a c t i o n  o f  2 -  
A m i n o - 6 - m e t h y l p y r i d i n e  w i t h  G l y c e r o l . A m i x t u r e  o f  s o d i u m  
m - n i t r o b e n z e n e s u l f o n a t e  ( 7 0 g ,  0 . 3 6 m o l ) ,  s u l f u r i c  a c i d  
( 3 2 0 g ,  9 8 % ) ,  b o r i c  a c i d  ( 9 . 6 g ,  0 . 1 6 m o l ) ,  a n d  f e r r o u s  
s u l f a t e  h e p t a h y d r a t e  ( 5 . 6 g ,  0 . 0 2 m o l )  w a s  c h i l l e d  t o  0 - 5 ° C  
v i a  a n  i c e / a c e t o n e  b a t h .  A n h y d r o u s  g l y c e r o l  [ v a c u u m  d i s ­
t i l l e d  ( b p  1 2 5 ° C / 3  t o r r ) ;  SOmL] w as  a d d e d  a n d  t h e  s l u r r y  
s t i r r e d  f o r  15 m i n . ,  a f t e r  w h i c h  2 - a m i n o - 6 - m e t h y l p y r i d i n e  
{ 1 7 . 2 8 g ,  0 . 1 6 m o l )  i n  warm  w a t e r  ( 5 0 ° C ,  100mL) w a s  a d d e d  
d r o p w i s e .  The  m i x t u r e  was  s t i r r e d  f o r  f i v e  h o u r s  a t  1 3 5 ° C ,  
t h e n  made b a s i c  w i t h  50% s o d i u m  h y d r o x i d e  a n d  e x t r a c t e d  
w i t h  m e t h y l e n e  c h l o r i d e .  The  o r g a n i c  e x t r a c t  was  d r i e d  
o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  c o n c e n ­
t r a t e d  j j i  v a c u o  t o  g i v e  2 - ; n e t h y l - 1 , 8 - n a p h t h y r i d i n e  ( 3 1 2 ) :  
1 1 . 2g  ( 4 9 % ) ;  mp 9 8 - 9 9 ' C  ( c y c l o h e x a n e ) ;  l i t . 1 6 3 , 1 6 4  
9 9 - 1 0 0 ° C ;  1H NMR ( C D C l ^  8 2 . 7 9  ( s ,  3 H ) ,  7 . 3 8  ( d ,
^ -S O „ N o
V i
H^ ° 4
Felo^THjp 
-glycerol
3 - N a p h H ,  J = 8  H z ,  1H) ,  7 . 4 3  ( d d ,  6 - N a p h H ,  J = B -  4 H z,  1H ) ,  
8 . 0 9  ( d ,  4 - N a p h H ,  J = 8  H z ,  1 H ) ,  8 . 1 7  ( d d ,  5 -N ap h H  J = 8 ,  2 Hz,  
1H ) ,  9 . 1 3  ( d d ,  7 - N a p h H ,  J = 4 ,  2 H z ,  1 H ) ,
2)KMn04
acetone
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2 , 7 - D i m e t h y l - 1 , 8 - n a p h t h y r i d i n e . A s o l u t i o n  o f  
2 - m e t h y l - 1 , 8 - n a p h t h y r i d i n e  ( 7 . 8 7 ,  0 . 0 5 5 m o l )  i n  a n h y d r o u s  
d i e t h y l  e t h e r  w as  c o o l e d  t o  - 6 0 ° C  v i a  a  d r y  i c e / a c e t o n e  
b a t h .  M e t h y l  l i t h i u m  (102m L ,  1 . 5 5 M ,  158nunol)  w a s  a d d e d  
d r o p w i s e  a t  a  r a t e  s u c h  t h a t  t h e  t e m p e r a t u r e  was  m a i n t a i n e d  
< - 5 0 ° C .  A f t e r  tw o  h o u r s ,  t h e  s o l u t i o n  was  w arm ed  t o  25°C 
f o r  a n  a d d i t i o n a l  t w o  h o u r s  a n d  t h e n  c a r e f u l l y  q u e n c h e d  
w i t h  w a t e r .  T h e  o r g a n i c  l a y e r  w as  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  c o n c e n t r a t e d  i n  v a c u o .
The  r e s u l t i n g  o r a n g e  s o l i d  w as  o x i d i z e d  w i t h  a  s o l u t i o n  o f  
p o t a s s i u m  p e r m a n g a n a t e  i n  a c e t o n e .  The  s o l u t i o n  was  
f i l t e r e d ,  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  a n d  
c o n c e n t r a t e d  i n  v a c u o  t o  a f f o r d  2 , 7 - d i m e t h y l - 1 , 8 - n a p h t h y r ­
i d i n e  ( 3 1 3 ) ,  a s  a  p a l e  y e l l o w  s o l i d :  7 . 3 g  ( 8 4 % ) ;  mp 
1 9 3 - 1 9 5 ° C  ( c y c l o h e x a n e ) ;  l i t . 1 6 5 , 1 6 6  mp  1 9 4 - 1 9 5 ° C ;  ^H 
NMR (CDC13 ) 8 2 . 8 0  ( s ,  -CH 3 , 6 H ) ;  7 . 3 1  ( d ,  3 , 5 - N a p h H ,  J = 8  
H z ,  2 H ) ;  8 . 0 3  ( d ,  4 , 5 - N a p h H ,  J = 8  H z ,  2 H ) .
CH —■ ■ >
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2 , 7 - D i m e t h y l - l , 8 - n a p h t h y r i d i n e  w i t h  T e t r a e t h y l e n e  
G l y c o l  D i t o s y l a t e . A s o l u t i o n  o f  2 , 7 - d i m e t h y l - 1 , 8 -  
n a p h t h y r i d i n e  (SOOmg, 3 . 1 6 m m o l )  i n  t e t r a h y d r o f u r a n  (THF, 
500mL) w a s  c o o l e d  t o  - 7 0 ° C  v i a  a  d r y  i c e / a c e t o n e  b a t h # 
a f t e r  w h i c h  m e t h y l l i t h i u m  { 9 m l ,  1 . 6 M ,  1 2 . 6 4 m m o l )  w a s  a d d e d  
d r o p w i s e  u n d e r  n i t r o g e n  m a i n t a i n i n g  t h e  t e m p e r a t u r e  a t  
- 7 0 ° C .  A f t e r  a d d i t i o n ,  t h e  d a r k  r e d  s o l u t i o n  was  s t i r r e d  
f o r  3 h o u r s  a t  - 7 0 ° C ,  t h e n  t e t r a e t h y l e n e  g l y c o l  d i t o s y l a t e  
( 3 . 3 5 g ,  6 . 6 6 m m o l )  i n  THF (lOOmL) w a s  a d d e d  o v e r  a  p e r i o d  o f  
o n e  h o u r  m a i n t a i n i n g  t h a t  t e m p e r a t u r e .  The  r e a c t i o n  was  
s l o w l y  w arm ed  t o  2 5 "C a n d  s t i r r e d  f o r  tw o  d a y s .  A f t e r  
c a r e f u l l y  q u e n c h i n g  w i t h  w a t e r ,  t h e  s o l v e n t  w as  r e m o v e d  i n  
v a c u o . The  c r u d e  p r o d u c t  w as  c h r o m a t o g r a p h e d  (ThLC) o n  
n e u t r a l  a l u m i n u m  o x i d e .  E l u t i o n  w i t h  c y c l o h e x a n e / e t h y l  
a c e t a t e  ( 1 : 1 )  a f f o r d e d  s t a r t i n g  m a t e r i a l  a c c o r d i n g  t o  
p h y s i c a l  a n d  s p e c t r a l  d a t a .
2 , 7 - D i m e t h y l - 1 , 8 - n a p h t h y r i d i n e  w i t h  M e t h y l l i t h i u m  a n d
3' 3
NR
S u b s e q u e n t  T r a p p i n g  w i t h  D i m e t h y l d i s u l f i d e .  A s o l u t i o n  o f
2 , 7 - d i m e t h y l - 1 , 8 - n a p h t h y r i d i n e  ( 3 1 3 ) ( 2 5 0 m g ,  1 . 5 8 m m o l )  i n  
a n h y d r o u s  d i e t h y l  e t h e r  (100mL)  w a s  c o o l e d  t o  - 6 0 ° C .  
M e t h y l l i t h i u m  ( 1 . 9 8 m l ,  1 . 6 M ,  3 . 1 6 m m o l )  w a s  a d d e d  
d r o p w i s e  a t  s u c h  r a t e  a s  t o  m a i n t a i n  t h e  t e m p e r a t u r e  a t  
- 6 0 ° C .  A f t e r  a d d i t i o n ,  t h e  s o l u t i o n  w as  s t i r r e d  f o r  2 
h o u r s  a n d  d i m e t h y l d i s u l f i d e  ( 2 9 7 m g ,  3 . 1 6 m m o l )  i n  d i e t h y l  
e t h e r  (SOmL) w as  a d d e d  d r o p w i s e .  The  s o l u t i o n  w as  t h e n  
a l l o w e d  t o  warm t o  25°C  a n d  s t i r r e d  f o r  s e v e r a l  h o u r s  
b e f o r e  c a r e f u l l y  q u e n c h i n g  w i t h  w a t e r .  The  o r g a n i c  l a y e r  
w a s  e x t r a c t e d ,  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e ,  
f i l t e r e d ,  a n d  c o n c e n t r a t e d  J j i  v a c u o . The  r e s u l t i n g  c r u d e  
p r o d u c t  was  s h o w n  t o  be  s t a r t i n g  m a t e r i a l  v i a  TLC a n d  NMR.
2 , 7 - B i s ( d i c h l o r o m e t h y l ) - 1 , 8 - n a p h t h y r i d i n e  ( 3 1 5 ) . A 
s u s p e n s i o n  o f  3 13  ( 5 0 0 m g ,  3 . 1 S m m o l ) ,  3 24  ( 1 . 6 9 g ,  13mmol)  
a n d  a  c a t a l y t i c  a m o u n t  o f  b e n z o y l  p e r o x i d e  ( lOOmg) i n  
c a r b o n  t e t r a c h l o r i d e  (75mL) w a s  r e f l u x e d  f o r  tw o  h o u r s ,  
c o o l e d ,  f i l t e r e d ,  a n d  t h e  s o l v e n t  w as  r e m o v e d  _in v a c u o . 
T h e  e x c l u s i v e  p r o d u c t  w as  2 , 7 - b i s ( d i c h l o r o m e t h y l ) - 1 , 8 -  
n a p h t h y r i d i n e  3 1 5 : 906mg ( 9 7 % ) ;  mp 1 7 9 - 1 8 0 ° C ;  NMR
(CDC13 ) & 6 . 9 8  ( s ,  a - C H C l 2 ,  2 H ) ,  8 . 1 5  ( d ,  3 , 6 - N a p h H ,  J = 8  
H z ,  2 H ) ,  8 . 2 8  ( s ,  4 , 5 - N a p h H ,  2 H ) ;  IR  ( K B r ) 3 0 0 0 ,  1 5 9 0 ,
N C S  ( 3 1 4 )
b t n z o y l  p trox id*
3 1 3 315
1 4 9 0 ,  1 2 4 5 ,  1 0 2 0 ,  8 3 0 ,  770  cm” 1 ; MS ( 7 0 e V )  m / e  2 68  
{M+ , 2 ) ,  231 (C1QH5 N2 C13 , 1 0 0 ) .
A n a l . C a l c d .  f o r  C'-|QHg N2 C^4 : Cf 4 0 *5 4 ? H, 2 . 0 3 ;  N,
9 . 4 6 .  F o u n d :  C ,  4 0 . 2 6 ;  H,  1 . 9 7 ;  N ,  9 . 2 8 .
HgS04
c i2h c  n n c h c i2 a  Zhr»
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2 , 7 - B i s ( d i c h l o r o m e t h y l ) - 1 , 8 - n a p h t h y r i d i n e  w i t h  
S u l f u r i c  A c i d . A m i x t u r e  o f  2 , 7 - B i s ( d i c h l o r o m e t h y l ) -  
1 , 8 - n a p h t h y r i d i n e  ( 8 3 0 m g ,  2 . 8 m m o l )  a n d  c o n c e n t r a t e d  
s u l f u r i c  a c i d  (1mL) w e r e  h e a t e d  o n  a n  o i l  b a t h  a t  1 1 0°C  
w i t h  s t i r r i n g  f o r  t w o  h o u r s .  A f t e r  c o o l i n g ,  t h e  r e a c t i o n  
w a s  n e u t r a l i z e d  w i t h  a  s a t u r a t e d  s o l u t i o n  o f  s o d i u m  
b i c a r b o n a t e  (pH 7 - 8 ) .  S t a r t i n g  m a t e r i a l  w as  r e c o v e r e d ,  
a c c o r d i n g  t o  TLC a n d  NMR d a t a .
<Bu)3 SnH
c i 2 h c ^ n - n - c h c i 2 >  NR
T r i b u t y l t i n  H y d r i d e  a n d  2 , 7 - B i s ( d i c h l o r o m e t h y l ) - 1 , 8 -  
n a p h t h y r i d i n e . To a  s t i r r e d  s o l u t i o n  o f  2 , 7 - b i s ( d i c h l o r o -  
m e t h y l ) - 1 , 8 - n a p h t h y r i d i n e  (9Q6mg,  3 . 0 6 m m o l )  i n  a n h y d r o u s  
b e n z e n e  ( 1 0 m L ) ,  t r i b u t y l t i n  h y d r i d e  ( 1 . 7 8 g ,  6 . 1 2 m m o l )  w as  
a d d e d  d r o p w i s e .  The  r e a c t i o n  w a s  s t i r r e d  a t  2 5 ° C  f o r  2 
h o u r s  a n d ,  s u b s e q u e n t l y ,  r e f l u x e d  f o r  24 h o u r s .  A f t e r
c o o l i n g ,  t h e  s o l v e n t  w as  r e m o v e d  v a c u o  a n d  t h e  m i x t u r e  
w a s  s h o w n  by  TLC t o  c o n t a i n  o n l y  s t a r t i n g  m a t e r i a l ,  w h i c h  
w a s  r e c o v e r e d  i n  q u a n t i t a t i v e  y i e l d .
benzoyl perox ide
CCI, , A 2 4  hre
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2 , 7 - B i s ( t r i c h l o r o m e t h y l ) - 1 , 8 - n a p h t h y r i d i n e  ( 3 1 6 ) .
To a  s t i r r e d  s o l u t i o n  o f  2 , 7 - d i m e t h y l - 1 , 8 - n a p h t h y r i d i n e  
( I g ,  6 . 2 3 m m o l )  i n  c a r b o n  t e t r a c h l o r i d e  ( lO O m L ) ,  N - c h l o r o -  
s u c c i n i m i d e  ( 6 . 7 g ,  50m m ol)  w a s  a d d e d  a n d  b e n z o y l  p e r o x i d e  
(1 0 0 m g )  w e r e  a d d e d ,  t h e n  t h e  m i x t u r e  w as  r e f l u x e d  f o r  24 
h o u r s .  P e r i o d i c a l l y ,  s m a l l  a m o u n t s  o f  b e n z o y l  p e r o x i d e  
w e r e  a d d e d  o v e r  t h i s  p e r i o d .  A f t e r  c o o l i n g ,  t h e  r e a c t i o n  
w as  f i l t e r e d  a n d  t h e  s o l v e n t  w as  r e m o v e d  i n  v a c u o  t o  a f f o r d
2 , 7 - b i s ( t r i c h l o r o m e t h y l ) - 1 , 8 - n a p h t h y r i d i n e  3 1 6 ; 2 . 6 g
( 9 8 % ) ;  mp 2 3 3 - 2 3 4 ° C ;  R ^ = 0 . 6 8  [ s i l i c a ,  e l u t e d  t h r e e  t i m e s  i n  
c y c l o h e x a n e / e t h y l  a c e t a t e  ( 2 : 1 ) ] ;  ^H NMR (C D C l^ )  8 7 . 2 7  ( d ,
3 , 6 - N a p h H , J = 8  H z ,  2 H ) ,  7 . 5 3  ( d ,  4 , 5 - N a p h H ,  J = 8  H z ,  2 H ) ;  IR 
( K B r ) 1 5 9 0 ,  1 4 8 5 ,  1 4 0 0 ,  8 7 0 ,  8 2 0 ,  7 8 0  cm- 1 ; MS m / e  3 6 5  
(M+, 4 ) ,  3 2 8  ( C 1qH3N2 C15 , 1 0 0 ) .
A n a l .  C a l c d .  f o r  C ^ H ^ N ^ C l , . :  C ,  3 2 . 8 8 ;  H,  1 . 1 0 ;  N,
" 1 U  4  6  o
7 . 6 7 .  F o u n d :  C ,  3 2 . 6 9 ;  H,  0 . 9 8 ;  N,  7 . 3 9 .
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H y d r o l y s i s  o f  2 , 7 - B i s ( t r i c h l o r o m e t h y l ) - 1 , 8 - n a p h t h y r i ­
d i n e  w i t h  S u l f u r i c  A c i d . S u l f u r i c  a c i d  (1mL, 1 . 7 g )  a n d
2 , 7 - b j j M  t r i c h l o r o m e t h y l  ) - 1 , 8 - n a p h t h y r i d i n e  ( 2 . 2 6 g ,  6 . 2 m m o l )  
w e r e  h e a t e d  o n  a n  o i l  b a t h  a t  1 1 0 °  C f o r  3 h o u r s .  The  
r e a c t i o n  w as  c o o l e d  a n d  m e t h a n o l  (3mL) w a s  a d d e d .  The  
s o l u t i o n  w a s  r e f l u x e d  f o r  s e v e r a l  h o u r s ,  a f t e r  w h i c h  t h e  
r e a c t i o n  w as  n e u t r a l i z e d  w i t h  10% s o d i u m  c a r b o n a t e  a n d  
f i l t e r e d .  The  c r u d e  p r o d u c t  was  c h r o m a t o g r a p h e d  (T h L C ) 
o n  s i l i c a  b y  e l u t i n g  w i t h  c y c l o h e x a n e / e t h y l  a c e t a t e  ( 2 : 1 )  
t o  a f f o r d  t h r e e  f r a c t i o n s :
F r a c t i o n  A w a s  s h o w n  t o  be  s t a r t i n g  m a t e r i a l  3 1 6  
(10%) a c c o r d i n g  t o  m e l t i n g  p o i n t ,  TLC, a n d  "'h NMR 
d a t a .
F r a c t i o n  B w a s  s h o w n  t o  be t h e  m o n o e s t e r  3 1 7 : 19%; mp
1 5 8 - 1 5 9 ° C ;  R = 0 . 5 1 ;  ^  NMR 5  4 . 0 8  ( s ,  -CH , 3 H ) ,  8 . 2 5  
f  3
( d ,  6 - N a p h H ,  J = 8  H z ,  1 H ) ,  8 . 3 3  ( d ,  3 - N a p h H ,  J = 8  H z ,  1 H ) ,  
8 . 4 8  ( d ,  4 , 5 - N a p h H ,  J = 8  H z ,  2 H ) ;  IR  ( K B r ) 3 0 0 0 ,  2 9 7 0 ,  1 7 3 0 ,  
1 5 8 5 ,  1 2 9 0 ,  1 1 4 0 ,  8 7 0  cm- 1 ; MS m / e  306  (M+ , 2 ) ,  2 4 8  
(C H N C l  , 1 0 0 ) .
9 5 2 3 ------
A n a l . C a l c d .  f o r  C 1 C ,  4 3 . 1 4 ?  H, 2 . 2 9 ;
9 . 1 5 .  F o u n d :  C ,  4 2 . 9 7 ;  H,  2 . 2 1 ;  N,  8 . 9 2 .
F r a c t i o n  C w a s  d i e s t e r  3 1 8 : 42%; mp 2 1 2 - 2 1 3 ° C ;
Rf = 0 . 3 1 ;  1H NMR 5 4 . 0 7  ( s , - C H g , 6 H ) ,  7 . 3 2  ( d r 3 , 6 -  
N a p h H ,  J = 8  H z ,  2 H ) ,  7 . 5 0  ( d ,  4 , 5 - N a p h H ,  J = 8  H z ,  2 H ) ;  IR  
( K B r ) 3 0 0 0 ,  2 9 6 0 ,  1 7 2 5 ,  1 5 8 0 ,  1 2 8 0 ,  1 1 5 0 ,  880  c m " 1 ; MS 
m / e  3 4 6  <M+ , 2 ) ,  188  ( C ^ H g N ^ ,  1 0 0 ) .
A n a l . C a l c d .  f o r  C.j 2 Hi q N2 ^ 4 : C ,  4 1 . 2 6 ;  H,  2 . 8 9 ;  N,
8 . 0 9 .  F o u n d :  C ,  4 0 . 9 9 ;  H,  2 . 7 9 ;  N,  7 . 8 8 .
R e s u l t s  a n d  D i s c u s s i o n
I n t r o d u c t i o n .  I n  a n  e f f o r t  t o  d e l i n e a t e  t h e  r e l a t i o n ­
s h i p  b e t w e e n  a  m a c r o c y c l i c  s t r u c t u r e  a n d  i t s  c o m p l e x a t i o n  
p r o p e r t i e s , 160 o u r  r e s e a r c h  e n d e a v o r s  h a v e  b e e n  
d i r e c t e d  t o w a r d  t h e  s y n t h e s i s  o f  " c r o w n  e t h e r "  m a c r o c y c l e s  
w h i c h  c o n t a i n  t h e  2 , 6 - p y r i d i n o ,  6 , 6 ' - ( 2 , 2 ' - b i p y r i d i n o ) ,  a n d
2 , 7 - ( 1 , 8 - n a p h t h y r i d i n o )  s u b u n i t s .  The  i n i t i a l  w o r k  
c e n t e r e d  p r i m a r i l y  o n  t h e  p r e p a r a t i o n  o f  c o r o n a n d s ,  
a t t e n t i o n  w as  t h e r e a f t e r  d i r e c t e d  t o w a r d  c r y p t a n d s  w h i c h  
p o s s e s s  t h e s e  sam e  s u b h e t e r o c y c l i c  m o i e t i e s .  P r i o r  t o  t h e  
w o r k  d e s c r i b e d  h e r e i n ,  o n l y  t h e  2 , 6 - p y r i d i n o ^ 6  a n d  
6 , 6 ' - ( 2 , 2 , - b i p y r i d i n o ) 2 7 s u b u n i t s  h a d  b e e n  i n c o r p o r a t e d
w i t h i n  c r y p t a n d s .
A. C o r o n a n d s
A n u m b e r  o f  y e a r s  a ^ o  t h e  s y n t h e s i s  o f  c y c l o p h a n e  325  
w as  r e p o r t e d  b y  Newkoine e t  a l^ .  1 6 8 , 1 6 9  T h e y  h a v e  a l s o  
s t u d i e d  t h e  v a r i a b l e  t e m p e r a t u r e  NMR o f  t h i s  c o m p o u n d  a n d
0
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i n i t i a l l y  p r o p o s e d  a  s y n  a n t i  i s o m e r i z a t i o n .  The
A v a l u e  o f  1 3 . 5  + 0 . 3  k c a l / m o l  d e t e r m i n e d  f o r  t h i s  
s y n - a n t i  i n t e r c o n v e r s i o n  w as  c o m p a r a b l e  t o  v a l u e s  
d e t e r m i n e d  f o r  t h e  m e t a c y c l o p h a n e  s y s t e m s . 170 s u c h
syn anti
i s o m e r i z a t i o n s  a r e  i n f e r r e d  f r o m  1H NMR d a t a  b y  a  
d i s t i n c t  u p f i e l d  s h i f t  f o r  t h e  a r o m a t i c  p r o t o n s  o f  t h e  s y n  
i s o m e r  d u e  t o  t h e  a n i s o t r o p y  o f  t h e  j u x t a p o s e d  r i n g ;  
h o w e v e r ,  t h i s  u p f i e l d  s h i f t  i s  n o t  o b s e r v e d  i n  t h e  NMR 
s p e c t r a  o f  m a c r o c y c l e  3 2 5 . An " a n t i ,  l o n g i t u d i n a l "  
i s o m e r i z a t i o n  (S c h e m e  X) h a s  s i n c e  b e e n  p r o p o s e d  i n  w h i c h  
s t r u c t u r e s  c  a n d  d r e p r e s e n t  a n  e n e r g y  m i n i m a .  The  
3 5 - p y r i d i n e  p r o t o n  s i g n a l  f o r  325  a t  2 2 3 ° K  a p p e a r s  a s  tw o  
r e s o l v e d  d o u b l e t s  o f  e q u a l  i n t e n s i t y ;  t h e s e  d a t a  s u p p o r t  
t h e  " a n t i ,  l o n g i t u d i n a l "  i s o m e r i z a t i o n .  T h e  " a n t i ,  
t r a n s v e r s e "  i s o m e r i z a t i o n  ( a  > b )  s h o u l d  a f f o r d  a  s i n g l e  
d o u b l e t  f o r  t h e  3 , 5 - p y r i d i n e  h y d r o g e n s ,  w h i c h  a r e  
e q u i v a l e n t  b y  s y m m e t r y .  A t  l o w  t e m p e r a t u r e s  m a c r o c y c l e s  
s u c h  a s  3 2 5  p o s s e s s  a  n e a r l y  c o p l a n a r  g e o m e t r y  s o  t h a t  t h e  
p y r i d i n e  s u b u n i t s  s a t i s f y  t h e  r i g i d  a n g u l a r  c o n s t r a i n t s  
i m p o s e d  b y  t h e  i m i d a t e  g r o u p s  ( d i h e d r a l  a n g l e  o f  0 + 1 0 ° )  
a n d  s y m m e t r y  c o n s i d e r a t i o n s  a s  p r e v i o u s l y  s e e n . 171
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To s u b s t a n t i a t e  t h e s e  f i n d i n g s ,  b i s - a m i d e  3 2 6  w as  
s y n t h e s i z e d .  I n  t h i s  c a s e  t h e  f r e e  e n e r g y  o f  a c t i v a t i o n  
(AG+) f o r  " a n t i ,  l o n g i t u d i n a l "  i s o m e r i z a t i o n  i s  1 4 . 5  ±
0 . 1  k c a l / m o l .  I n  a d d i t i o n ,  t h e  5 - p y r i d i n e  h y d r o g e n  s i g n a l  
a p p e a r s  a s  tw o  d o u b l e t s  o f  e q u a l  i n t e n s i t y  i n d i c a t i v e  o f  
l o n g i t u d i n a l  i s o m e r i z a t i o n  w i t h  a p p r o x i m a t e l y  e q u a l  p o p u l a ­
t i o n s  o f  c  a n d  d . 1 7 1
T h e r e f o r e ,  i t  i s  o f  i n t e r e s t  w h e t h e r  t h i s  sam e  e f f e c t  
i s  o p e r a t i v e  w hen  o t h e r  h e t e r o a t o m s  a r e  d i r e c t l y  a t t a c h e d  
t o  t h e  p y r i d i n e  r i n g  i n  t h e s e  p o s i t i o n s .  M a c r o c y c l e  291 
w a s  s y n t h e s i z e d  b y  t h e  t r e a t m e n t  o f  2 , 6 - d i c h l o r o p y r i d i n e
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w i t h  N , N 1- d i m e t h y l e t h y l e n e  d i a m i n e  a n d  l i t h i u m  h y d r i d e  o r  
b u t y l l i t h i u m  a s  t h e  b a s e .  U t i l i z a t i o n  o f  s o d i u m  h y d r i d e  
a f f o r d e d  o n l y  r i n g - o p e n e d  p r o d u c t s  ( m a i n l y  2 9 0 ) .  T h i s  
d i f f e r e n c e  i n  p r o d u c t s  i s  b e l i e v e d  t o  be d u e  t o  t h e  t e m ­
p l a t e  e f f e c t :  t h e  s m a l l e r  l i t h i u m  a t o m  s h o u l d  be  a b l e  t o
f i t  i n  t h e  c a v i t y  o f  t h i s  m a c r o c y c l e  much b e t t e r  t h a n  t h e  
l a r g e r  s o d i u m  a t o m .
D i m e r  291 (2%) a n d  t r i m e r  292  (2%) w e r e  i s o l a t e d  by  
e l u t i o n  o f  ThLC p l a t e s  ( s i l i c a  g e l )  w i t h  10% m e t h a n o l  i n  
c h l o r o f o r m .  The  ^h  NMR o f  291 s h o w e d  a  s i n g l e t  a t  8
3 . 0 0  f o r  t h e  m e t h y l  g r o u p s ,  a  d o u b l e t  a t  8 5 . 7 3  f o r  t h e
3 , 5 - p y r i d i n e  h y d r o g e n s ,  a n d  a  t r i p l e t  a t  8 7 . 3 0  f o r  t h e
4 - p y r i d i n e  h y d r o g e n s .  The  s i g n a l  f o r  t h e  m e t h y l e n e  h y d r o ­
g e n s  w as  c o a l e s c e d  a t  3 0 0 ° K ,  b u t  when t h e  s a m p l e  w as  w arm ed  
t o  3 3 0 ° K ,  a  s i n g l e t  a t  8  3 . 7 5  a p p e a r e d  ( S c h e m e  X I ) .  L o w e r ­
i n g  t h e  p r o b e  t e m p e r a t u r e  t o  2 2 7 °K r e s u l t e d  i n  t h e  a p p e a r ­
a n c e  o f  tw o  t r i p l e t s  a t  8  2 . 6 9  a n d  4 . 8 0  f o r  t h e s e  m e t h y l e n e  
h y d r o g e n s .  The  f r e e  e n e r g y  o f  a c t i v a t i o n  ( A G * )  f o r  
t h e  i s o m e r i z a t i o n  i s  1 2 . 5  ± 0 . 3  k c a l / m o l ,  w h i c h  i s  c o m p a r a ­
b l e  t o  t h e  v a l u e  o f  1 3 . 5  k c a l / m o l  o b t a i n e d  f o r  3 2 5 .  M a c r o -
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c y c l e  291 a p p a r e n t l y  u n d e r g o e s  t h e  same " a n t i ,  l o n g i t u d i ­
n a l "  i s o m e r i z a t i o n  w h i c h  i s  o p e r a b l e  w i t h  3 2 5 . H o w e v e r ,  a t  
2 2 7 ° K  i n s t e a d  o f  t h e  tw o  d o u b l e t s  o f  e q u a l  i n t e n s i t y  
o b s e r v e d  f o r  3 2 5 , 291 e x h i b i t s  o n l y  o n e  d o u b l e t  a t  S 5 . 7 5  
f o r  t h e  3 , 5 - p y r i d i n e  h y d r o g e n s .  T h i s  d i f f e r e n c e  i s  p r o b ­
a b l y  d u e  t o  t h e  i n s u l a t i n g  e f f e c t  o f  t h e  N - m e t h y l  g r o u p s .  
T h e  n i t r o g e n  a t o m s  a t t a c h e d  t o  t h e  p y r i d i n e  r i n g s  a r e  m o s t  
l i k e l y  s p 2  h y b r i d i z e d  d u e  t o  t h e  a m i d i n e  n a t u r e  o f  t h i s  
s u b s t i t u t i o n  p a t t e r n ,  t h e  o v e r a l l  s t r u c t u r e  b e i n g  n e a r l y  
p l a n a r  w i t h  a  d i h e d r a l  a n g l e  < 3 0 ° . ' 1 6 8 , 1 7 2 - 1 7 8  Two 0 f  
t h e  m e t h y l e n e s  h a v e  h y d r o g e n  a t o m s  p o i n t i n g  i n s i d e  t h e  
c a v i t y  o f  t h e  m a c r o c y c l e  a n d  t h e  o t h e r  t w o  m e t h y l e n e s  h a v e  
t h e i r  h y d r o g e n  a t o m s  o r i e n t e d  o u t s i d e  t h e  c a v i t y  a s  e v i ­
d e n c e d  i n  3 2 8 . The  t r i p l e t  a t  5 2 . 6 9  c o r r e s p o n d s  t o  t h e  
m e t h y l e n e  h y d r o g e n s  l o c a t e d  i n s i d e  t h e  c a v i t y ;  w h e r e a s ,  t h e  
t r i p l e t  a t  6 4 . 8 0  c o r r e s p o n d s  t o  t h e  m e t h y l e n e  h y d r o g e n s  
o r i e n t e d  o u t s i d e  t h e  c a v i t y .  The  d o w n f i e l d  s h i f t  f o r  t h e  
p r o t o n s  e x t e r n a l  t o  t h e  c a v i t y  i s  d u e  t o  a  d e s h i e l d i n g  
e f f e c t  b y  t h e  s p ^  n i t r o g e n  a t o m s  s u b s t i t u t e d  i n  t h e  2 
a n d  6 p o s i t i o n s  o n  t h e  p y r i d i n e  r i n g s .  T h e  m e t h y l e n e  
h y d r o g e n s  p r o j e c t e d  i n s i d e  t h e  c a v i t y  a r e  a l s o  d e s h i e l d e d
b y  t h e  s p 2  n i t r o g e n  a t o m s ,  b u t  t h e  e f f e c t  o f  t h e  p y r ­
i d i n e  N - l o n e  p a i r  r e s u l t s  i n  a  n e t  c h e m i c a l  s h i f t  s i m i l a r  
t o  t h a t  o f  t h e  m e t h y l  p r o t o n s .
I t  w a s  n o t e d  t h a t  u p o n  e x p o s u r e  t o  l i g h t  291 w as  
t r a n s f o r m e d  i n t o  a  d i f f e r e n t  c o m p o u n d  w h i c h  w as  d a r k  b l u e  
i n  c o l o r .  T h i s  p h e n o m e n o n  o c c u r s  i n  t h e  s o l i d  s t a t e  a s  
w e l l  a s  i n  s o l u t i o n ,  t h u s  h i n d e r i n g  a t t e m p t s  t o  o b t a i n  a n  
a n a l y t i c a l l y  p u r e  s a m p l e  o f  2 9 1 . The  b l u e  co m p o u n d  
( >  3 0 0 ° C )  w as  f o u n d  t o  be  m o s t  s o l u b l e  i n  m e t h y l  a l c h o l  a n d  
o n l y  s l i g h t l y  s o l u b l e  i n  c h l o r o f o r m .
291 i n  d r y ,  d e g a s s e d  THF was  p h o t o l y z e d  f o r  f o u r  h o u r s
w i t h  a  4 50  w a t t  Hg a r c  a t  w h i c h  p o i n t  no  s t a r t i n g  m a t e r i a l
c o u l d  b e  d e t e c t e d  b y  TLC a n d  a d a r k  b l u e  p r e c i p i t a t e  h a d
f o r m e d  o n  t h e  w a l l s  o f  t h e  r e a c t i o n  v e s s e l .  Due t o  t h e
l a c k  o f  v o l a t i l i i t y  o f  t h i s  s u b s t a n c e ,  t h e  m a s s  s p e c t r u m
c o u l d  n o t  be  o b t a i n e d ,  i n  a d d i t i o n ,  a t t e m p t s  t o  p r o c u r e  a  
1
'H NMR s p e c t r u m  i n  CDC1 a n d  m e t h a n o l - d  w e r e  i n  v a i n .  The
3 4
l a c k  o f  a  s p e c t r u m  i n  CDCl^ w as  d u e  m a i n l y  t o  t h e  l i m i t e d  
s o l u b i l i t y  o f  t h e  s a m p l e  i n  t h e  s o l v e n t ;  a n d  t h e  s p e c t r u m  
w h i c h  w as  o b t a i n e d  i n  m e t h a n o l - d ^  s h o w e d  s o l v e n t  p e a k s  a t  
c h e m i c a l  s h i f t s  w h e r e  som e o f  t h e  p r o t o n s  f r o m  t h e  s a m p l e  
r e s o n a t e d ,  l i m i t i n g  t h e  u s e f u l n e s s  o f  m e t h a n o l  a s  a  
s o l v e n t .  A l l  a t t e m p t s  t o  o b t a i n  c r y s t a l s  s u i t a b l e  f o r  
X - r a y  a n a l y s i s  o f  t h i s  m a t e r i a l  h a s  p r o v e n  t o  b e  f u t i l e ;  
t h e r e f o r e ,  t h e  i d e n t i t y  o f  t h i s  s u b s t a n c e ,  a s  y e t ,  r e m a i n s  
a  m y s t e r y .
The  m a c r o c y c l i c  t r i m e r  2 92  d o e s  n o t  e x h i b i t  a  t e m p e r a ­
t u r e  d e p e n d e n t  NMR s p e c t r u m .  S i g n a l s  f o r  t h e  m e t h y l  
h y d r o g e n  a t o m s  a n d  t h e  m e t h y l e n e  h y d r o g e n  a t o m s  a p p e a r  a s  
s i n g l e t s  a t  S 2 . 9 2  a n d  3 . 6 8 ,  r e s p e c t i v e l y .  The  s i g n a l s  f o r  
t h e  3 , 5 - p y r i d i n e  h y d r o g e n s  a p p e a r  a s  a  d o u b l e t  a t  8  5 . 6 9  
w h e r e a s  t h e  s i g n a l  f o r  t h e  4 - p y r i d i n e  h y d r o g e n  a p p e a r s  a s  a  
t r i p l e t  a t  6 7 . 2 3 .
A n o t h e r  r e l a t e d  m a c r o c y c l e  o f  i n t e r e s t ,  d u e  t o  t h e  
f a c t  t h a t  i t  i s  a  h e x a a z a  " 1 8 - c r o w n - 6 " , i s  2 9 3 , w h i c h  was  
s y n t h e s i z e d  by  t r e a t m e n t  o f  2 , 6 - b i s ( c h l o r o m e t h y 1 ) p y r i d i n e  
w i t h  N , N ' - d i m e t h y l e t h y l e n e d i a m i n e  i n  DMF i n  t h e  p r e s e n c e  o f  
p o t a s s i u m  c a r b o n a t e  o r  l i t h i u m  h y d r i d e .  One a l s o  o b t a i n s  
t r i m e r  294  f r o m  t h i s  r e a c t i o n .  T h i s  p a r t i c u l a r  s y n t h e t i c  
p a t h w a y  i s  a  u n i q u e  m e t h o d  t o  a c h i e v e  t h e s e  a z a m a c r o c y c l e s .  
N o r m a l l y ,  h e x a a z a d e n t a t e  m a c r o c y c l i c  l i g a n d s  p o s s e s s i n g  t h e
2 . 6 - p y r i d i n o  s u b u n i t ( s )  h a v e  b e e n  p r e p a r e d  b y  t h e  Jjn s i t u  
S c h i f f ' s  b a s e  c y c l o c o n d e n s a t i o n  o f  e i t h e r  2 , 6 - d i a c e t y l -  o r
2 . 6 - d i f o r m y l p y r i d i n e  w i t h  a n  a , < D - d i a m i n e  i n  t h e  p r e s e n c e  o f  
a n  a p p r o p r i a t e  m e t a l  i o n ,  w h i c h  a c t s  a s  a  t e m p l a t e  f o r  
c y c l i z a t i o n .  D i s a d v a n t a g e s  o f  t h i s  t e m p l a t e  p r o c e d u r e  
i n c l u d e  t h e  f a c t  t h a t  t h e  s t e r i c  r e q u i r e m e n t s  o f  a  s p e c i f i c
MeNCH_CH~NM«
LIH  of K ^ JO j  
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m e t a l  i o n  may p r e c l u d e  f o r m a t i o n  o f  t h e  d e s i r e d  m a c r o c y c l e ,  
t h e  o c c a s i o n a l  i n a b i l i t y  t o  r e m o v e  t h e  m e t a l  i o n  f r o m  t h e  
r e s u l t a n t  c o m p l e x ,  a n d  t h e  i n a b l i l i t y  t o  t r a n s f o r m  t h e  
i m i n e  g r o u p s  t o  t h e  r e s p e c t i v e  N - a l k y l  m o i e t i e s .  I n  a  f e w  
c a s e s  t h e  f r e e  i m i n e  h a s  b e e n  r e d u c e d  t o  t h e  f r e e  s e c o n d a r y  
a m i n e .
An a l t e r n a t e  p r o c e d u r e  t o  a c q u i r e  t h e s e  m a c r o c y c l i c  
a m i n e s  i n v o l v e s  t h e  h i g h - d i l u t i o n  c y c l o c o n d e n s a t i o n  o f  a n  
a , t u - d i a m i n e  w i t h  a  b i s - a c y l  h a l i d e  t o  a f f o r d  a  c y c l i c  
b i s - a m i d e  w h i c h  s u b s e q u e n t l y  may be r e d u c e d  w i t h  d i f f i c u l t y  
t o  t h e  a m i n e .  T h i s  a c y l a t i o n - r e d u c t i o n  p r o c e d u r e  d i r e c t l y  
a f f o r d s  t h e  d e s i r e d  m a c r o c y c l e  a l b e i t  i n  r e l a t i v e l y  lo w  
y i e l d  ( 1 0 % ) ,  d e p e n d i n g  o n  t h e  b a s e  u t i l i z e d .  I f  p o t a s s i u m  
c a r b o n a t e  i s  e m p l o y e d  t h e  y i e l d s  a r e  3% a n d  1% f o r  293  a n d  
2 9 4 , r e s p e c t i v e l y ;  h o w e v e r ,  i f  l i t h i u m  h y d r i d e  i s  u t i l i z e d  
a s  t h e  b a s e  t h e  y i e l d s  a r e  8% f o r  b o t h  m a c r o c y c l e s .
M a c r o c y c l e s  2 9 3  a n d  294  h a v e  v e r y  s i m i l a r  NMR 
s p e c t r a ,  d i f f e r i n g  s l i g h t l y  i n  c h e m i c a l  s h i f t s .  The  ^H 
NMR s p e c t r u m  o f  2 93  s h o w s  t h r e e  s i n g l e t s  a t  8 2 . 3 9 ,  2 . 4 8 ,  
a n d  3 . 5 7  c o r r e s p o n d i n g  t o  t h e  m e t h y l  g r o u p s ,  t h e  0 - m e t h y l ­
e n e  p r o t o n s ,  a n d  t h e  a - m e t h y l e n e  p r o t o n s ,  r e s p e c t i v e l y .
T h e  a r o m a t i c  r e g i o n  c o n s i s t s  o f  a  d o u b l e t  a t  5 7 . 1 5  f o r  t h e
3 , 5 - p y r i d i n e  h y d r o g e n s  a n d  a t r i p l e t  a t  8  7 . 4 5  f o r  t h e  4 -  
p y r i d i n e  h y d r o g e n .
CPK m o d e l s  i n d i c a t e  t h a t  2 9 3  c o u l d  e a s i l y  c o m p l e x  a  
m e t a l  i o n  w i t h  e i t h e r  t e t r a h e d r a l  o r  o c t a h e d r a l  g e o m e t r y .
To a s c e r t a i n  i f  t h e  l i g a n d  w o u l d  i n d e e d  f o r m  a  c o m p l e x  a n d ,  
i f  s o ,  t h e  p r e f e r r e d  g e o m e t r y  t h e r e o f ,  2 9 3  w a s  t r e a t e d  i n  
m e t h a n o l  w i t h  e i t h e r  c o b a l t ( I I )  o r  c o p p e r ( I I )  c h l o r i d e .  A 
b l u e - g r e e n  c o m p l e x ,  2 9 5 , w as  i s o l a t e d  i n  t h e  c a s e  o f  
c o b a l t ( X X )  c h l o r i d e  a n d  a n  e m e r a l d  g r e e n  c o m p l e x ,  2 9 6 , was  
i s o l a t e d  i n  t h e  c a s e  o f  c o p p e r ( I I )  c h l o r i d e .  B o t h  2 9 5  a n d  
296  w e r e  f o u n d  t o  h a v e  m e l t i n g  p o i n t s  g r e a t e r  t h a n  3 0 0 e C 
a n d  t h e i r  e l e m e n t a l  a n a l y s e s  i n d i c a t e d  t h a t  f o r  e a c h  
c o m p l e x  t h e r e  w e r e  t w o  c o b a l t ( I I )  o r  c o p p e r ( I I )  c h l o r i d e  
m o l e c u l e s  a s s o c i a t e d  w i t h  e a c h  l i g a n d .
Two m o d e s  o f  c o m p l e x a t i o n  (A o r  B) a r e  p o s s i b l e  f o r  a n  
o c t a h e d r a l  g e o m e t r y ;  h o w e v e r ,  CPK m o d e l s  i n d i c a t e  t h a t  
c o n f i g u r a t i o n  A w o u l d  n o t  be  f a v o r e d  d u e  t o  t h e  r i g i d i t y  
i m p o s e d  b y  t h e  d i r e c t e d  p y r i d i n e  n i t r o g e n  a t o m s .  I n  o r d e r  
t o  d e t e r m i n e  w h i c h  c o n f i g u r a t i o n  i s  p r e d o m i n a t e ,  a n  X - r a y  
s t r u c t u r a l  d e t e r m i n a t i o n  w as  p e r f o r m e d .  C r y s t a l s  o f  e a c h  
s u i t a b l e  f o r  X - r a y  a n a l y s i s  w e r e  o b t a i n e d  b y  s l o w  e v a p o r a ­
t i o n  o f  t h e  r e s p e c t i v e  m e t h a n o l  s o l u t i o n s .
B o t h  c o m p l e x e s  h a v e  a p p r o x i m a t e  D2  s y m m e t r y  s u p ­
p o r t i v e  o f  c o n f i g u r a t i o n  B ,  i n  w h i c h  t h e  p y r i d i n e  N - o r t h o g -  
a n o l  e l e c t r o n s  o c c u p y  t h e  a x i a l  p o s i t i o n s  a n d  t h e  t e r t i a r y
A B
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a m i n o  g r o u p s  o c c u p y  t h e  e q u a t o r i a l  p o s i t i o n s .  I n  2 95  t h e  
C o - N ( P y )  d i s t a n c e  [ c a .  2 . 0 5 2 ( 4 )  A] a n d  t h e  e q u a t o r i a l  Co-N  
d i s t a n c e s  [ c a .  2 . 2 3 3 ( 3 )  A] a r e  a l m o s t  i d e n t i c a l  ( F i g u r e  
I I I ) .  D i s t o r t i o n  f r o m  p e r f e c t  o c t a h e d r a l  g e o m e t r y  may be 
e n v i s i o n e d  i n  t w o  s t e p s :  1) b e n d i n g  o f  t h e  Co-N b o n d s  c i s
t o  p y r i d i n e  t o w a r d s  p y r i d i n e ,  d u e  t o  m e r i d i o n a l  s p a n n i n g  
a n d  2 )  t w i s t i n g  t h e  t w o  m e r i d i o n a l  NNN p l a n e s  a w a y  f r o m  
9 0 ° ,  d u e  t o  t h e  e q u a t o r i a l  c h e l a t e  r i n g s .  The  d i h e d r a l  
a n g l e  i n  2 9 5  i s  7 9 . 1 ° .
T h e  c o p p e r  c o m p l e x  2 9 6  i s  m o re  d i s t o r t e d  f r o m  i d e a l  
o c t a h e d r a l  g e o m e t r y .  The C u - N ( P y )  d i s t a n c e s  [ c a .
e
1 . 9 8 5 ( 4 )  A] a r e  i d e n t i c a l ;  h o w e v e r ,  t h e  e q u a t o r i a l  Cu-N 
d i s t a n c e s  r a n g e  f r o m  2 . 2 1 4 ( 6 )  t o  2 . 3 0 7 ( 6 )  A. The  d i h e d r a l  
a n g l e  b e t w e e n  t h e  t w o  m e r i d i o n a l  p l a n e s  i s  7 8 . 7 ° .  
C o p p e r ( I I ) ,  a  J a h n - T e l l e r  i o n ,  i s  e x p e c t e d  t o  f o r m  a 
d i s t o r t e d  c o m p l e x ,  b u t  t h e  mode o f  d i s t o r t i o n  i n  2 96  i s  
u n e x p e c t e d .  T h e  a n t i c i p a t e d  a x i a l  e l o n g a t i o n  d o e s  n o t  
o c c u r  w i t h  t h e  p y r i d i n e  d o n o r s ,  b u t  r a t h e r  w i t h  t h e  
" e q u a t o r i a l "  t e r t i a r y  a m i n e  d o n o r s  (N3 a n d  N 6 ) .  T h i s  
e f f e c t  p r o b a b l y  r e s u l t s  f r o m  t h e  f a c t  t h a t  t h e  p y r i d i n e  
s u b g r o u p s  o c c u p y  t h e  " m e r i d i o n a l  p o s i t i o n s " ,  b r i d g i n g  t r a n s  
d o n o r s ,  w h i l e  t h e  o t h e r  n i t r o g e n  a t o m s  o c c u p y  " f a c i a l  
p o s i t i o n s " ,  b r i d g i n g  c i s  d o n o r s .  E l o n g a t i o n  o f  a  b o n d  t o  a  
f a c  p o s i t i o n  i n v o k e s  p r i m a r i l y  c h a n g e s  i n  t o r s i o n  a n g l e s ,  
a n d  t h u s  r e q u i r e s  l e s s  b o n d - s t r e t c h i n g  e n e r g y  t h a n  
e l o n g a t i o n  o f  a  b o n d  t o  a  m e r  p o s i t i o n .
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F i g u r e  I I I . S t r u c t u r e  o f  t h e  c o m p l e x e s  2 9 5  a n d  2 9 6 . 
D i s t a n c e s  a n d  a n g l e s  i n  t h e  c o o r d i n a t i o n  s p h e r e  f o r  t h e  
c o b a l t  < c o p p e r >  c o m p l e x  a r e :  M ( 1 ) - N ( 1 )  2 . 0 5 0 ( 5 )
< 1 . 9 8 7 ( 5 ) > ,  M{ 1 ) - N ( 2 )  2 . 2 3 4 ( 6 )  < 2 . 3 0 7 ( 6 ) > ,  M ( 1 ) - N ( 3 )  
2 . 2 3 7 ( 5 )  < 2 . 2 4 4 ( 6 ) > ,  M ( 1 ) - N ( 4 )  2 . 0 5 4 ( 5 )  < 1 . 9 8 3 ( 5 ) > ,  M ( 1 ) -  
N ( 5 )  2 . 2 2 5 ( 5 )  < 2 . 2 1 4 ( 6 ) > ,  M ( 1 ) - N ( 6 )  2 . 2 3 5 ( 5 )  < 2 . 2 8 9 ( 5 ) > A .
N ( 1 ) - M ( 1 ) - N ( 4 )  1 7 8 . 4 ( 2 )  < 1 7 8 . 2 ( 2 ) > ,  N ( 1 ) —M( 1 ) - N ( 2 )  7 6 . 8 ( 2 )  
< 7 7 . 5 ( 2 ) > ,  N ( 1 ) - M { 1 ) - N ( 6 )  7 6 . 7 ( 2 )  < 7 7 . 7 ( 2 ) > ,  N ( 4 ) - M ( 1 ) - N ( 3 )  
7 6 . 6 ( 2 )  < 7 8 . 0 ( 2 ) > ,  N ( 4 ) - M ( 1 ) - N ( 5 )  7 7 . 1 ( 2 )  < 7 7 . 8 ( 2 ) > ,  N ( 2 ) -  
M( 1 ) - N ( 6 )  1 5 3 . 5 ( 2 )  < 1 5 5 . 1 ( 2 ) > ,  N ( 3 ) - M ( 1 ) - N ( 5 )  1 5 3 . 7 ( 2 )  
< 1 5 5 . 7 ( 2 ) > ° .  T h e  c o b a l t  c o m p l e x  i s  i l l u s t r a t e d .
T h e  t e t r a c h l o r o c o b a l t a t e ( 2 - )  c o u n t e r i o n  i s  a  n e a r l y  
p e r f e c t  t e t r a h e d r o n  w i t h  c o b a l t - c h l o r i d e  b o n d  d i s t a n c e s  c a .  
2 . 2 8 2 ( 7 )  A ,  w h e r e a s  t h e  t e t r a c h l o r o c u p r a t e ( 2 - )  c o u n t e r i o n  
i s  a  f l a t t e n e d  t e t r a h e d r o n  w i t h  c o p p e r - c h l o r i d e  b o n d  
d i s t a n c e s  r a n g i n g  f r o m  2 . 2 2 6 ( 2 )  t o  2 . 2 5 5 4 ( 2 )  A.
S u l f u r  s y s t e m  3 2 7 , a n a l o g o u s  t o  2 9 1 , h a s  p r o v e n  t o  be 
m o r e  e l u s i v e .  B o t t i n o  a n d  P a p p a l a r d o ^ J )  h a v e  r e p o r t e d
HS SH
Br Br
w
E tO H
3 29
a t t e m p t s  t o  s y n t h e s i z e  3 27  b y  t h e  t r e a t m e n t  o f  2 , 6 - d i -  
m e r c a p t o p y r i d i n e  w i t h  1 , 2 - d i b r o m o e t h a n e  i n  e t h a n o l .  The  
p r o d u c t  i s o l a t e d  i s  t h i o n e  3 2 9  ( 1 5 % ) .  T h e r e  a r e  s e v e r a l
'SH(R)
A +  HS" or RS'
/  Br 
^ 0
© L .*  ' • ' S ' S - +  ' *O
U  + U J
f r a g m e n t a t i o n  p o s s i b i l i t i e s  f o r  t h e s e  s y s t e m s  o t h e r  t h a n
p y r i d i n e  was  t r e a t e d  w i t h  1 , 2 - e t h a n e d i t h i o l  i n  x y l e n e  o r  
DMF i n  t h e  p r e s e n c e  o f  s o d i u m  h y d r i d e  a s  t h e  b a s e .  Newkome 
e t  a l . 1®*' h a v e  r e p o r t e d  t h e  i s o l a t i o n  o f  f o u r  c o m p o u n d s  
f r o m  t h e  r e a c t i o n  o f  2 , 6 - d i c h l o r o p y r i d i n e  w i t h  1 , 2 - e t h a n e ­
d i t h i o l  i n  r e f l u x i n g  x y l e n e .  T h r e e  o f  t h e s e  c o m p o n e n t s  
w e r e  o l i g o m e r i z e d  2 : 1  a d d u c t s  3 3 0 a - c ; t h e  o n l y  m a c r o c y c l e  
i s o l a t e d  w as  2 B 8 , w h i c h  a r o s e  f r o m  t h e  d i a n i o n  o f  3 , 6 - d i -  
t h i a o c t a n e - 1 , 8 - d i t h i o l .  The  d e s i r e d  p r o d u c t  3 2 7  w as  n o t  
d e t e c t e d .  I t  t h u s  a p p e a r s  t h a t  t h e  c y c l i z a t i o n  p r o c e s s  
u n d e r  t h e s e  r e a c t i o n  c o n d i t i o n s  i s  much s l o w e r  r e l a t i v e  t o  
c o m p e t i t i v e  r e a c t i o n s  s u c h  a s  o l i g o m e r i z a i t o n , f r a g m e n t a ­
t i o n ,  a n d  o x i d a t i o n .  The  g r e a t e r  d i f f i c u l t y  i n  c y c l i z a t i o n  
o f  p o l y ( t h i a e t h y l e n e ) c a n  be  a t t r i b u t e d  t o  t h e  i n c r e a s e  i n  
C-X b o n d  l e n g t h  a n d  t h e  d e c r e a s e  i n  C -X -C  a n g l e  when X i s  
c h a n g e d  f r o m  a n  o x y g e n  t o  a  s u l f u r  a t o m . ^ ® 1
t h e  o n e  w h i c h  f o r m s  t h e  t h i o n e  ( 3 2 9 ) . ^ ® 2
I n  t h e s e  l a b o r a t o r i e s  t h e  s y n t h e s i s  o f  3 2 7  w a s  
a p p r o a c h e d  i n  a  d i f f e r e n t  m a n n e r : 1®® 2 , 6 - d i h a l o -
3 3 0 b  n = 2
3 3 0 c  n=3
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When DMF w as  e m p l o y e d  a s  t h e  s o l v e n t  a n d  t h e  t e m p e r a ­
t u r e  w as  l o w e r e d  t o  7 5 ° C ,  tw o  m a c r o c y c l i c  p r o d u c t s  ( 287  a n d  
2 8 8 ) w e r e  i s o l a t e d .  M a c r o c y c l e  2 87  s h o w e d  a  b r o a d  s i n g l e t  
a t  8 3 . 1 4  f o r  t h e  / 3 - m e t h y l e n e s  a n d  a  b r o a d  s i n g l e t  a t
3 . 2 8  f o r  t h e  a - m e t h y l e n e s . T he  a r o m a t i c  r e g i o n  o f  t h e
HS SH / v
^  J@L ,  A
X N x NqH, DMF J  J  f  +  r  \
X * C l ,  F
2 8 7  2 8 8
1 NMR s p e c t r u m  c o n s i s t e d  o f  a  d o u b l e t  a t  8 6 . 9 0  w i t h  a 
c o u p l i n g  c o n s t a n t  o f  8 Hz c o r r e s p o n d i n g  t o  t h e  3 , 5 - p y r i d i n e  
h y d r o g e n s  a n d  a  t r i p l e t  a t  8  7 . 3 1  c o r r e s p o n d i n g  t o  t h e  
4 - p y r i d i n e  h y d r o g e n .  The  NMR s p e c t r u m  o f  2 8 8  w a s  
c o n s i d e r a b l y  d i f f e r e n t  f r o m  t h a t  o f  2 8 7 , i n  t h a t  t h e  
s i g n a l  f o r  t h e  / 3 - m e t h y l e n e  h y d r o g e n s  a p p e a r s  a s  a  m u l t i p l e t  
a t  8 2 . 8 2  w i t h  a  m u l t i p l e t  a t  5 3 . 5 1  f o r  t h e  a - m e t h y l e n e ,  
a n d  a  s i n g l e t  a t  8  2 . 8 5  f o r  t h e  y - m e t h y l e n e  h y d r o g e n s .
T h e s e  d a t a  a r e  s u p p o r t i v e  o f  t h e  s y m m e t r y  a s s o c i a t e d  w i t h  
t h r e e  t h i a e t h e r  u n i t s  i n  t h e  m a c r o c y c l e .  T h e  a r o m a t i c  
r e g i o n  f o r  288  i s  s i m i l a r  t o  t h a t  o f  2 8 7  i n  t h a t  t h e r e  
a p p e a r s  a  d o u b l e t  a t  8 6 . 8 8  f o r  t h e  3 , 5 - p y r i d i n e  h y d r o g e n s  
a n d  a  t r i p l e t  a t  8  7 . 2 7  f o r  t h e  4 - p y r i d i n e  h y d r o g e n .  T he  
m a s s  s p e c t r a  o f  2 8 7  a n d  2 8 8  s u b s t a n t i a t e s  t h e  NMR 
s t r u c t u r a l  a s s i g n m e n t s  w i t h  a  p a r e n t  p e a k  f o r  2 8 7  a t  2 2 9  
(M+ , 6 2 )  a n d  f o r  288  a t  2 8 9  (M+ , 3 3 ) ,  i n d i c a t i n g  
t h e  p r e s e n c e  o f  a  s i n g l e  s u b h e t e r o c y c l i c  r i n g .  T h i s  MS
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e v i d e n c e  i s ,  h o w e v e r ,  f a r  f r o m  c o n c l u s i v e  s i n c e  o n e  may be 
s e e i n g  o n l y  h a l f  o f  t h e  t o t a l  m a s s .  To p r o v e  t h e  s t r u c t u r e  
o f  t h e s e  m a c r o c y c l e s  c r y s t a l s  o f  2 8 6  s u i t a b l e  f o r  X - r a y  
a n a l y s i s  w e r e  growfiT
T h e  m o l e c u l e  i s  d i s o r d e r e d  s u c h  t h a t  i t  a n d  i t s  m i r r o r  
i m a g e  o c c u p y  t h e  s a m e  p o s i t i o n  i n  t h e  u n i t  c e l l  w i t h  
a p p r o x i m a t e l y  72% a n d  28% p o p u l a t i o n s .  The  p y r i d i n e  r i n g  
a n d  s u l f u r  a t o m s  c o i n c i d e  i n  b o t h  s t r u c t u r e s  w h i l e  t h e
F i g u r e  I V . T he  d i s o r d e r  a s s o c i a t e d  w i t h  2 8 8  i n  t h e  
c r y s t a l l i n e  s t a t e ,  a c c o r d i n g  t o  X - r a y  a n a l y s i s .
o t h e r  c a r b o n  a t o m s  o c c u p y  t h e  p a r t i a l l y  p o p u l a t e d  p o s i t i o n s  
( F i g u r e  I V ) .
A c c o r d i n g  t o  t h e  c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n  o f  
2 8 8 ,  i t  i s  e v i d e n t  t h a t  2 8 7  i s  a l s o  p r o b a b l y  m o n o m e r i c  a n d  
t h a t  b o t h  a r e  d e r i v e d  f r o m  t h e  c y c l i z a t i o n  o f  o l i g o m e r s  o f  
1 , 2 - e t h a n e d i t h i o l . I n  a d d i t i o n ,  i t  a p p e a r s  t h a t  o l i g o m e r ­
i z a t i o n  o f  1 , 2 - e t h a n e d i t h i o l  c a n  o c c u r  e v e n  a t  2 5 ° C  u n d e r
b a s i c  c o n d i t i o n s . ' 1 8 2
T h e  q u e s t i o n  t h e n  a r o s e  a s  t o  w h e t h e r  t h e  a n a l o g o u s  
p i p e r a z i n e  m a c r o c y c l e  331 c o u l d  be  s y n t h e s i z e d  a n d ,  i f  s o .
3 —  f u l l y  p o p u l a t e d
/    72% p o p u l a t e d
I  - 28% p o p u l a t e d
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w h a t  i s  t h e  c o n f o r m a t i o n  o f  t h e  p i p e r a z i n e  s u b u n i t s .  T h e r e  
a r e  s e v e r a l  p o s s i b l e  c o n f o r m a t i o n s  i n c l u d e  t h e  b o a t - b o a t ,  
t h e  c h a i r - c h a i r ,  a n d  t h e  b o a t - c h a i r  a s  s u g g e s t e d  by  CPK 
m o d e l s .
2 9 8  2 9 9  331
2 , 6 - D i c h l o r o p y r i d i n e  was  t r e a t e d  w i t h  p i p e r a z i n e  i n  
r e f l u x i n g  x y l e n e  i n  t h e  p r e s e n c e  o f  s o d i u m  h y d r i d e  a s  t h e  
b a s e .  O n l y  o p e n - c h a i n  p r o d u c t s  2 9 8  (12%) a n d  2 9 9  ( 3 . 8 % )  
w e r e  i s o l a t e d .  B o t h  w e r e  c h a r a c t e r i z e d  b y  NMR d a t a  
a n d  by  t h e i r  m a s s  s p e c t r a .  The  a m i n e  h y d r o g e n  o f  2 9 8  
a p p e a r s  a s  a  s i n g l e t  a t  5 1 . 8 1  w h i l e  t h e  /3- a n d  a - m e t h y l e n e
h y d r o g e n s  a p p e a r  a s  m u l t i p l e t s  a t  8 2 . 9 3  a n d  5 3 . 4 9 ,
r e s p e c t i v e l y .  The  3 - p y r i d i n e  h y d r o g e n s  a p p e a r  a s  a  d o u b l e t  
a t  8  6 . 4 0 ,  t h e  5 - p y r i d i n e  h y d r o g e n  a p p e a r s  a s  a  d o u b l e t  a t  
S 6 . 5 3 ,  a n d  t h e  4 - p y r i d i n e  h y d r o g e n  a p p e a r s  a s  a  t r i p l e t  a t  
8 7 . 3 4 .  The  2 ; 1  c o m p o u n d  299  e x h i b i t s  a  much s i m p l e r  
1H NMR s p e c t r u m  i n  w h i c h  t h e  p i p e r a z i n e  m e t h y l e n e  
h y d r o g e n s  a p p e a r  a s  a  s i n g l e t  a t  8 3 . 6 7 ,  a n d  t h e  3 , 5 -  
p y r i d i n e  h y d r o g e n s  a p p e a r  a s  a  d o u b l e t  a t  8  6 . 5 9 ,  a n d  t h e
4 - p y r i d i n e  h y d r o g e n s  a p p e a r  a s  a  t r i p l e t  a t  8  7 . 3 4 .
I t  w a s  h o p e d  t h a t  u t i l i z a t i o n  o f  b u t y l l i t h i u m  a s  t h e  
b a s e  w o u l d  a s s i s t  i n  t h e  p r e p a r a t i o n  o f  t h e  2 : 2  m a c r o c y c l e
331 i n  a  f a s h i o n  a n a l o g o u s  t o  t h e  g e n e r a t i o n  o f  2 9 1 . 
H o w e v e r ,  s u b s t i t u t i o n  o f  b e n z e n e  a s  t h e  s o l v e n t  a n d  u s e  o f  
b u t y l l i t h i u m  a f f o r d e d  o n l y  2 99  ( 5 2 % ) ,  t h e  2 : 1  c o m p o u n d .
M a c r o c y c l e  331 h a s  n o t  b e e n  i s o l a t e d  f r o m  a n y  o f  i t s  
a t t e m p t e d  p r e p a r a t i o n s  a n d  a c c o r d i n g  t o  CPK m o d e l s  i t  i s  
i m p o s s i b l e  t o  f o r m  t h i s  d i m e r i c  s p e c i e s .  T h e r e f o r e ,  
e n l a r g i n g  t h e  r i n g - s i z e  o f  t h e  m a c r o c y c l e  b y  i n s e r t i o n  o f  a  
m e t h y l e n e  u n i t  b e t w e e n  t h e  p y r i d i n e  r i n g  a n d  t h e  p i p e r a z i n e  
r i n g  w as  u n d e r t a k e n .  T he  CPK m o d e l s  o f  t h e  d i m e r i c  
m a c r o c y c l e  3 0 0  i n d i c a t e  t h a t  t h e  p i p e r a z i n e  r i n g s  s h o u l d  be  
a b l e  t o  a s s u m e  t h e  b o a t  c o n f o r m a t i o n ,  r e s u l t i n g  i n  a  u n i q u e  
h e x a d e n t a t e  l i g a n d  f o r  c o m p l e x a t i o n  o f  m e t a l  i o n s .  The  
p r o c e d u r e  c h o s e n  i n v o l v e s  t h e  t r e a t m e n t  o f  2 , 6 - b i s ( c h l o r o -  
m e t h y l ) p y r i d i n e  w i t h  p i p e r a z i n e  i n  DMF a n d  p o t a s s i u m  
c a r b o n a t e .  F ro m  t h i s  m i x t u r e  d i m e r  ( 3 0 0 ) ,  t r i m e r  ( 3 0 1 ) , 
a n d  t e t r a m e r  ( 3 0 2 ) c a n  be i s o l a t e d  b y  c h r o m a t o g r a p h y  o n  
a l u m i n a .  I n  g e n e r a l ,  f o r  d i m e r  300  t h e  NMR s p e c t r u m
e x h i b i t s  a  s i n g l e t  a t  8 2 . 4 8  f o r  t h e  / 3 - m e t h y l e n e  h y d r o g e n s  
a n d  a  s i n g l e t  a t  8  3 . 6 4  f o r  t h e  a - m e t h y l e n e  h y d r o g e n s .  The
3 , 5 - p y r i d i n e  h y d r o g e n  a t o m s  a n d  t h e  4 - p y r i d i n e  h y d r o g e n
H H 3 0 0  n=1
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a p p e a r  a s  a  d o u b l e t  a t  S 7 . 2 4  a n d  a  t r i p l e t  a t  5 7 . 5 7 ,  
r e s p e c t i v e l y .
O n ce  a g a i n ,  a n  i n t e r e s t  i n  t h e  c o n f o r m a t i o n  o f  t h e  
p i p e r a z i n e  r i n g s  ( c h a i r  o r  b o a t )  l e d  t o  t h e  p r e p a r a t i o n  o f  
c r y s t a l s  s u i t a b l e  f o r  X - r a y  a n a l y s i s .  S l o w  e v a p o r a t i o n  o f  
a  c h l o r o f o r m  s o l u t i o n  o f  3 0 0  a f f o r d e d  i d e a l  c r y s t a l s .
T h e  p i p e r a z i n e  r i n g s  i n  3 00  i n  t h e  c r y s t a l l i n e  s t a t e  
e x i s t  i n  t h e  c h a i r  c o n f o r m a t i o n s  a n d  a r e  p a r a l l e l  t o  o n e  
a n o t h e r .  T h e  d i s t a n c e  b e t w e e n  t h e  p a r a l l e l  N2 a n d  N3 a t o m s  
i s  £ a .  4 . 9 8 4  A .  T he  p y r i d i n e  r i n g s  a r e  a n t i  i n  r e l a t i o n  t o  
o n e  a n o t h e r  a n d  t h e  d i s t a n c e  b e t w e e n  t h e  t w o  p y r i d i n e  
n i t r o g e n  a t o m s  i s  6 . 0 8 3  A ( F i g u r e  V ) .
F i g u r e  V .  ORTEP s t e r e o p a i r s  o f  m a c r o c y c l e  3 0 0 .
T h e  c o p p e r ( I I )  c h l o r i d e  c o m p l e x  o f  300  w a s  e a s i l y  
f o r m e d  i n  r e f l u x i n g  m e t h a n o l .  S l o w  e v a p o r a t i o n  o f  t h e  
m e t h a n o l  s o l u t i o n  a f f o r d e d  a m b e r  c r y s t a l s  s u i t a b l e  f o r  
X - r a y  a n a l y s i s .  I t  s e e m s  t h a t  t h e  c o m p l e x e d  c o p p e r  i o n  i s
1G0
a  c o p p e r ( I I I )  i o n  a n d  c o o r d i n a t e d  t o  o n e  o f  t h e  p y r i d i n e  
n i t r o g e n  a t o m s  a n d  a  c h l o r i d e  w i t h  a  c h l o r i d e  c o u n t e r i o n ;  
h o w e v e r ,  t h e  R v a l u e  i s  c u r r e n t l y  5 ,  b u t  t h e r e  a p p e a r  t o  be 
s e v e r a l  s y s t e m a t i c  e r r o r s  i n  t h e  c o l l e c t e d  d a t a .
O n c e  a g a i n  i t  w as  h o p e d  t h a t  r i n g  e n l a r g e m e n t  o f  t h e  
m a c r o c y c l e  b y  u t i l i z a t i o n  o f  N , N 1- b i s - ( 2 - h y d r o x y e t h y l ) -  
p i p e r a z i n e  ( 2 8 3 ) w o u l d  a f f o r d  t h e  2 : 2  m a c r o c y c l e  2 8 4 . The  
p i p e r a z i n e  r i n g s  s h o u l d  be  a b l e  t o  a s s u m e  t h e  b o a t  c o n f o r m ­
a t i o n s .  CPK m o d e l s  o f  284  s u g g e s t  t h a t  a  n o v e l  c a v i t y  
c o u l d  be  r e a l i z e d  i f  t h e  p i p e r a z i n e  r i n g s  p o s s e s s e d  t h e  
b o a t  c o n f o r m a t i o n :  a l l  f o u r  p i p e r a z i n e  n i t r o g e n s  w o u l d  be
a b l e  t o  c o o r d i n a t e  a  t r a n s i t i o n  m e t a l  i o n  a n d  f o r m  a t  l e a s t  
a  s t a b l e  t e t r a d e n t a t e  c o m p l e x .
M a c r o c y c l e  284  (10%) w a s  s y n t h e s i z e d  b y  t h e  t r e a t m e n t  
o f  2 , 6 - d i c h l o r o p y r i d i n e  w i t h  t h e  d i a n i o n  o f  N , N ' - b i s - { 2 -  
h y d r o x y e t h y l ) p i p e r a z i n e  2 8 3  i n  r e f l u x i n g  x y l e n e .  The
f o r  t h e  y - m e t h y l e n e  h y d r o g e n s .  T h e  i n u l t i p l e t s  a t  5 2 . 7 8  
a n d  4 . 4 7  a r e  a s s i g n e d  t o  t h e  |3-  a n d  a - m e t h y l e n e  h y d r o g e n  
a t o m s ,  r e s p e c t i v e l y .  The  a r o m a t i c  r e g i o n  e x h i b i t s  a  
d o u b l e t  a t  S 6 . 2 7  f o r  t h e  3 , 5 - p y r i d i n e  h y d r o g e n s  a n d  a
a  0  y
284
NMR s p e c t r a  w as  a s  e x p e c t e d  w i t h  a  s i n g l e t  a t  5 2 . 6 7
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t r i p l e t  a t  8 7 . 4 5  ppm f o r  t h e  4 - p y r i d i n e  h y d r o g e n s .
C r y s t a l s  o f  284  f o r  X - r a y  a n a l y s i s  w e r e  o b t a i n e d  b y  s l o w  
e v a p o r a t i o n  o f  a  m e t h y l e n e  c h l o r i d e  s o l u t i o n .
T h e  p i p e r a z i n e  r i n g s  a r e  i n  t h e  c h a i r  c o n f o r m a t i o n ,  
a n d  t h e  c o n f o r m a t i o n  o f  t h e  2 , 6 - s u b s t i t u e n t s  o f  t h e  
p y r i d i n e  s u b r i n g s  i s  e s s e n t i a l l y  c i s  t o  t h e  p y r i d i n e  
n i t r o g e n  a t o m ,  a s  u n i f o r m l y  f o u n d  i n  a l l  r e l a t e d  c o m p o u n d s  
r e c e n t l y  i n v e s t i g a t e d . 172
D r .  P r a n k  F r o n c z e k  h a s  a t t e m p t e d  t o  p r e p a r e  t h e  
c o b a l t ( I I )  c h l o r i d e  c o m p l e x  o f  284  b y  d i s s o l v i n g  t h e  
m a c r o c y c l e  a n d  m e t a l  s a l t  i n  h o t  e t h y l  a c e t a t e - m e t h a n o l  
( 3 : 1 ) .  T h e  s o l u t i o n  w as  r e f l u x e d  f o r  f o u r  h o u r s ,  a f t e r  
w h i c h  d a r k  b l u e  c r y s t a l s  f o r m e d  o n  t h e  w a l l s  o f  t h e  
r e a c t i o n  v e s s e l .
The  c o m p l e x  was  s h o w n  t o  be  t h e  d i p r o t o n a t e d  c o b a l t  
s a l t  332  o f  t h e  m a c r o c y c l e  2 8 4 . E a c h  m a c r o c y c l i c  c a t i o n  i s  
s u r r o u n d e d  b y  s i x  c o b a l t ( I I )  t e t r a c h l o r i d e  d i a n i o n s  a n d  i s  
h y d r o g e n - b o n d e d  t o  t w o  o f  t h e m .  The  h y d r o g e n  b o n d s  a r e  
l i n e a r ,  a n d  n i t r o g e n  t o  c h l o r i n e  d i s t a n c e s  f a l l  w i t h i n  t h e
2 +
332
r a n g e  3 . 0 9 ( 4 ) - 3 . 1 7 ( 4 )  A ,  i n d i c a t i v e  o f  t h e  s t r e n g t h  o f  
t h e s e  f o r c e s .  E a c h  c o m p l e x  a n i o n  f o r m s  c o n t a c t s  t o  
p o r t i o n s  o f  s i x  m a c r o c y c l i c  c a t i o n s ,  a c c e p t i n g  h y d r o g e n  
b o n d s  f r o m  t w o  o f  t h e m .  The  a c i d  r e s p o n s i b l e  f o r  p r o t o n ­
a t i o n  o f  284  i s  u n d o u b t e d l y  a n  a q u o c o b a l t ( I I ) c o m p l e x .
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I n  o r d e r  t o  i n c r e a s e  t h e  c o m p l e x i n g  a b i l i t y  o f  t h e  
p y r i d i n e  r i n g s  a n d  a t  t h e  sam e  t i m e  i n c r e a s e  t h e  f l e x i b i l ­
i t y  o f  t h e  m a c r o c y c l e ,  2 8 5  w a s  s y n t h e s i z e d .  T h i s  was  
a c c o m p l i s h e d  b y  t r e a t m e n t  o f  2 , 6 - b i s ( c h l o r o m e t h y l ) p y r i d i n e  
w i t h  t h e  d i a n i o n  o f  N , N ' - b i s ( 2 - h y d r o x y e t h y l ) p i p e r a z i n e  i n  
THF t o  a f f o r d  2 8 5  ( 1 3 % ) .  T h e  NMR s p e c t r a l  d a t a
s h o w  a  s i n g l e t  a t  5  2 . 4 8  f o r  t h e  5 - m e t h y l e n e  p r o t o n s  o f  t h e  
p i p e r a z i n e  r i n g ,  w h i l e  t r i p l e t s  a p p e a r  a t  5 2 . 5 7  a n d  3 . 6 4  
f o r  t h e  /B- a n d  y - m e t h y l e n e  p r o t o n s ,  r e s p e c t i v e l y .  The 
s i n g l e t  a t  5 4 . 5 4  f o r  t h e  a - p y r i d i n e  m e t h y l e n e  p r o t o n s  i s  
r e a s o n a b l e ,  w h e r e a s  a  d o u b l e t  a t  5 7 . 3 0  a n d  a  t r i p l e t  a t  
7 . 5 4  f o r  t h e  3 , 5 - p y r i d i n e  h y d r o g e n s  a n d  t h e  4 - p y r i d i n e  
h y d r o g e n ,  r e s p e c t i v e l y ,  a r e  e q u a l l y  r e a s o n a b l e .  I t  w as  
e n v i s i o n e d  t h a t  t h i s  i n c r e a s e  i n  t h e  f l e x i b i l i t y  o f  t h e  
m a c r o c y c l e  g a i n e d  b y  i n s e r t i o n  o f  a  m e t h y l e n e  u n i t  b e t w e e n  
e a c h  p y r i d i n e  r i n g  a n d  t h e  o x y g e n  h e t e r o a t o m  m i g h t  a l l o w
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t h e  p i p e r a z i n e  r i n g s  t o  a s s u m e  t h e  b o a t  c o n f i g u r a t i o n  i n  
w h i c h  a l l  f o u r  p i p e r a z i n e  n i t r o g e n  a t o m s  p a r t i c i p a t e  i n  t h e  
c o m p l e x a t i o n  p r o c e s s .  No c o m p l e x e s  o f  2 8 5  h a v e  a s  y e t  b e e n  
p r e p a r e d .
T h e r e  a r e  o n l y  a  l i m i t e d  n u m b e r  o f  m a c r o c y c l e s  
c o n t a i n i n g  t h e  1 , 8 - n a p h t h y r i d i n e  m o i e t y ;  t h u s  we w e re  
i n t e r e s t e d  i n  i n c o r p o r a t i n g  t h i s  e n t i t y  i n t o  s u c h  s y s t e m s .  
A t  t h i s  t i m e  o n l y  c r o w n  e t h e r  m a c r o c y c l i c  a n a l o g u e s  
c o n t a i n i n g  t h e s e  s u b u n i t s  h a v e  b e e n  s y n t h e s i z e d . ^ 8 3  
T h e r e f o r e ,  t h e  t a r g e t  m o l e c u l e  f o r  a  m a c r o c y c l i c  s y s t e m  
w h i c h  c o n t a i n s  o x y g e n  a n d  n i t r o g e n  h e t e r o a t o m s  w as  3 1 0 .
R e a l i z a t i o n  o f  t h i s  g o a l  n e c e s s i t a t e d  t h e  s y n t h e s i s  o f
2 , 7 - d i c h l o r o - l , 8 - n a p h t h y r i d i n e .  T h i s  w as  a c c o m p l i s h e d  i n  
s e v e r a l  s t e p s  t h e  f i r s t  o f  w h i c h  w as  t h e  S k r a u p  r e a c t i o n  o f  
m a l i c  a c i d  a n d  2 , 6 - d i a m i n o p y r i d i n e  i n  c o n c e n t r a t e d  s u l f u r i c  
a c i d  t o  a f f o r d  2 - a m i n o - 7 - h y d r o x y - 1 , 8 - n a p h t h y r i d i n e  ( 3 0 4 ) 
( 9 7 % ) .  D i a z o t i z a t i o n  o f  304  b y  s o d i u m  n i t r i t e  a n d  
s u b s e q u e n t  h y d r o l y s i s  g a v e  2 , 7 - d i h y d r o x y - 1 , 8 - n a p h t h y r i d i n e  
( 3 0 5 ) ( 8 7 % ) .  T r e a t m e n t  o f  t h e  3 0 5  w i t h  p h o s p h o r u s  p e n t a -  
c h l o r i d e  a n d  p h o s p h o r u s  o x y c h l o r i d e  r e s u l t e d  i n  t h e
3 10
f o r m a t i o n  o f  2 , 7 - d i c h l o r o - 1 , 8 - n a p h t h y r i d i n e  3 06  (81%) 
( S c h e m e  X I I ) . 1 6 2
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M a c r o c y c l e  3 1 0  ( 4 . 6 % )  w a s  p r e p a r e d  by  t r e a t m e n t  o f
2 , 7 - d i c h l o r o - 1 , 8 - n a p h t h y r i d i n e  a n d  N - m e t h y l d i e t h a n o l a m i n e  
i n  DMF w i t h  s o d i u m  h y d r i d e .  The  s y m m e t r y  a n d  t h e  i n t e g r a ­
t i o n  o f  t h e  1h NMR s p e c t r u m  a r e  i n d i c a t i v e  o f  m a c r o -  
c y c l i c  p r o p e r t i e s .  The  s i n g l e t  a t  8 2 . 5 7  f o r  t h e  n i t r o g e n  
m e t h y l  g r o u p  a n d  t h e  t r i p l e t s  a t  8 3 . 0 4  a n d  4 . 7 3  f o r  t h e  
t h e  j8 -  a n d  a - m e t h y l e n e  p r o t o n s ,  r e s p e c t i v e l y ,  s u p p o r t  t h e  
a s s i g n m e n t .  T h e  a r o m a t i c  r e g i o n  c o n s i s t s  o f  tw o  d o u b l e t s :  
o n e  a t  8 6 . 7 6  a n d  t h e  o t h e r  a t  5 7 . 6 7  f o r  t h e  3 , 6 -  a n d
4 , 5 - n a p h t h y r i d i n e  p r o t o n s ,  r e s p e c t i v e l y .  No o t h e r  m a c r o -  
c y c l i c  p r o d u c t s  w e r e  d e t e c t e d .
A l l  a t t e m p t s  t o  f o r m  m e t a l  c o m p l e x e s  w i t h  3 1 0  p r o v e d  
f r u i t l e s s  a n d  i t  t h u s  a p p e a r s  t h a t ,  a s  i n  t h e  c a s e  o f  
p y r i d i n e ,  t h e  d i r e c t  s u b s t i t u t i o n  o f  o x y g e n  a t o m s  o n  t h e
s u b h e t e r o  r i n g  g r e a t l y  d i m i n i s h e s  t h e  N - c o m p l e x i n g  a b i l i t y  
a s  a  r e s u l t  o f  t h e  i m i d a t e  c h a r a c t e r .  T h e r e f o r e ,  t o  
e n h a n c e  t h e  a b i l i t y  o f  t h e s e  l i g a n d s  t o  i n c l u d e  m e t a l  i o n s ,  
a g a i n  i n s e r t i o n  o f  a  m e t h y l e n e  u n i t  b e t w e e n  t h e  o x y g e n  a t o m  
a n d  t h e  n a p h t h y r i d i n e  r i n g  w as  d e e m e d  n e c e s s a r y .  T h i s  
i n c o r p o r a t i o n  c o u l d  be  e n v i s i o n e d  t o  p r o c e e d  b y  s e v e r a l  
p r o p o s e d  s y n t h e t i c  p a t h w a y s .  One s u c h  p a t h w a y  i n v o l v e s  
t r e a t m e n t  o f  2 , 7 - d i c h l o r o - 1 , 8 - n a p h t h y r i d i n e  w i t h  c u p r o u s  
c y a n i d e  i n  d r y  p y r i d i n e  o r  w i t h  p o t a s s i u m  c y a n i d e  i n  DMF 
a n d  s u b s e q u e n t  r e d u c t i o n  o r  h y d r o l y s i s  o f  t h e  2 , 7 - d i c y a n o -  
1 , 8 - n a p h t h y r i d i n e  ( 3 3 2 ) i n t e r m e d i a t e  ( S c h e m e  X I I I ) .
D i a c i d  3 33  may be  e s t e r i f i e d  a n d  s u b s e q u e n t l y  r e d u c e d  
t o  g i v e  t h e  d i o l ,  w h i c h  c a n  be t r a n s f o r m e d  i n t o  t h e  d i ­
h a l i d e .  Compound  3 3 2  c o u l d  a l s o  be  r e d u c e d  t o  t h e  d i a m i n e ,  
w h i c h  w o u l d  be  u s e f u l  i n  t h e  s y n t h e s i s  o f  t h e  r e l a t e d  
m a c r o c y c l e s .
S c h e m e  X I I I
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U n f o r t u n a t e l y ,  a l l  a t t e m p t s  t o  s y n t h e s i z e  t h e  2 , 7 - d i -  
c y a n o - 1 , 8 - n a p h t h y r i d i n e  r e s u l t e d  i n  t h e  i s o l a t i o n  o f  
i n s o l u b l e  b l a c k  m a t e r i a l  w h i c h  c o u l d  n o t  be  f u r t h e r  c h a r a c ­
t e r i z e d .  T h e r e f o r e ,  a n  a l t e r n a t e  p a t h w a y  w as  u s e d  i n  w h i c h
2 , 7 - d i m e t h y l - l , 8 - n a p h t h y r i d i n e  3 13  w o u l d  be  s u b s e q u e n t l y  
f u n c t i o n a l i z a t i o n .  The  o n l y  r e p o r t e d  r o u t e  t o  t h e  d e s i r e d  
p r e c u r s o r  3 13  w a s  b y  a  S k r a u p  r e a c t i o n , 165 w h i c h  
2 - a m i n o - 6 - m e t h y l p y r i d i n e  a n d  c r o t o n a l d e h y d e  a f f o r d e d  3 1 3  i n  
p o o r ^ 5  a n d  e r r a t i c ^ ® ®  y i e l d s  ( 5 - 1 5 % ) .
A l t h o u g h  t h e  s y n t h e s i s  o f  3 1 3  l e a v e s  much t o  be  
d e s i r e d ,  2 - m e t h y l - 1 , 8 - n a p h t h y r i d i n e  312  (50%) c a n  be  e a s i l y  
p r e p a r e d  b y  t h e  S k r a u p  r e a c t i o n  o f  2 - m e t h y l - 6 - a m i n o p y r i d i n e
b e n z e n e s u l f o n a t e , s u l f u r i c  a c i d ,  b o r i c  a c i d ,  f e r r o u s  
s u l f a t e  h e p t a h y d r a t e ,  g l y c e r o l ,  a n d  2 - m e t h y l - 6 - a m i n o -  
p y r i d i n e  i s  s t i r r e d  f o r  f i v e  h o u r s  a t  1 3 5 ° C ;  a f t e r  a  v e r y  
m e s s y  w o r k u p  p r o c e d u r e  2 - m e t h y l - 1 , 8 - n a p h t h y r i d i n e  (49%) i s  
o b t a i n e d .  To  e n s u r e  h i g h  y i e l d s  o f  3 1 2  t h e  g l y c e r i n e  m u s t  
b e  a n h y d r o u s  a n d  t h e  r e a c t i o n  t e m p e r a t u r e  m u s t  b e  m a i n t a i n ­
e d  b e l o w  1 3 5 ° C .
H3B 03
FeS04 -7H ^)
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a n d  g l y c e r i n e . ^^3 , 1 6 4  A m i x t u r e  o f  s o d i u m  m - n i t r o -
T h e  o n l y  r e m a i n i n g  p r o b l e m  i s  t h e  i n t r o d u c t i o n  o f  a  
m e t h y l  g r o u p  i n  t h e  o p e n  a - p o s i t i o n .  K a u f f m a n n  e t  
a l ^ h a v e  r e p o r t e d  t h e  m e t h y l a t i o n  o f  2 , 2 ' - d i ­
p y r i d i n e  w i t h  m e t h y l l i t h i u m r w h e r e b y  6 , 6 1- d i m e t h y l -  
2 , 2  ' - d i p y r i d i n e  may be o b t a i n e d  f r o m  t h i s  t w o - s t e p  p r o c e s s .  
T h e  f i r s t  m e t h y l a t i o n  a f f o r d s  6 - m e t h y 1 - 2 , 2 ' d i p y r i d i n e  (59%) 
a n d  t h e  s e c o n d  m e t h y l a t i o n  a f f o r d s  6 f 6 ' - d i m e t h y l - 2 #2 l - d i -  
p y r i d i n e  ( 6 4 % ) .
M e t h y l a t i o n  w a s  a c c o m p l i s h e d  b y  s l o w  a d d i t i o n  o f  t h r e e  
e q u i v a l e n t s  o f  m e t h y l l i t h i u m  t o  a  s o l u t i o n  o f  3 1 2  i n  
a n h y d r o u s  d i e t h y l  e t h e r  c o o l e d  t o  - 5 0 °C .  T h e  r e s u l t i n g  
d i h y d r o n a p h t h y r i d i n e  i n t e r m e d i a t e  w as  t h e n  o x i d i z e d  w i t h  
p o t a s s i u m  p e r m a n g a n a t e  i n  a c e t o n e  t o  a f f o r d  2 , 7 - d i m e t h y l -  
1 #8 - n a p h t h y r i d i n e  ( 3 1 3 ) ( 8 4 % ) .  The  o v e r a l l  y i e l d  w as  43% 
a n d  r e p r e s e n t e d  a  s i g n i f i c a n t  i m p r o v e m e n t  i n  t h e  s y n t h e s i s
3
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o f  3 1 3 .
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Two m e t h o d s  o f  f u n c t i o n a l i z i n g  t h e  m e t h y l  g r o u p s  o f  
3 1 3  w h i c h  h a v e  b e e n  a t t e m p t e d  a r e  s h o w n  i n  S c h e m e  X IV.  
U n f o r t u n a t e l y #  b o t h  p r o c e d u r e s  a f f o r d e d  o n l y  s t a r t i n g  
m a t e r i a l .  A t t e m p t s  t o  h a l o g e n a t e  t h e s e  m e t h y l  g r o u p s  w i t h  
N - c h l o r o s u c c i n i m i d e  (NCS) w i t h  b e n z o y l  p e r o x i d e  i n i t i a t o r  
r e s u l t e d  i n  t h e  f o r m a t i o n  o f  v a r i o u s  p r o d u c t s  w h i c h  
d e p e n d e d  o n  t h e  s t o i c h i o m e t r y  a n d  r e a c t i o n  c o n d i t i o n s .  I f  
313  i s  t r e a t e d  w i t h  f o u r  e q u i v a l e n t s  o f  NCS i n  C C I 4 a n d  
r e f l u x e d  f o r  t w o  h o u r s  2 , 7 - b i s ( d i c h l o r o m e t h y l ) - 1 , 8 - n a p h -  
t h y r i d i n e  ( 3 1 5 ) i s  i s o l a t e d  q u a n t i t a t i v e l y .  H o w e v e r ,  i f  
3 1 3  i s  t r e a t e d  w i t h  e i g h t  e q u i v a l e n t s  o f  NCS i n  C C I 4 
a n d  r e f l u x e d  f o r  t w e n t y - f o u r  h o u r s  2 , 7 - b i s ( t r i c h l o r o -  
m e t h y l ) - 1 , 8 - n a p h t h y r i d i n e  3 16  i s  t h e  s o l e  p r o d u c t .
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T y p i c a l l y ,  o r g a n o t i n  h y d r i d e s  Rn SnH4 _ n ,  c a n  be  
u s e d  t o  r e d u c e  o n e  h a l o g e n  o f  a  g e m - d i h a l i d e  o r  a  1 , 1 , 1 -  
t r i h a l i d e . W i t h  t h i s  i n  m in d  t h e  t e t r a c h l o r o  
n a p h t h y r i d i n e  d e r i v a t i v e ,  3 1 5 ,  was  t r e a t e d  w i t h  t r i b u t y l t i n  
h y d r i d e  t o  a f f o r d  q u a n t i t a t i v e  r e c o v e r y  o f  s t a r t i n g
(Bu)gSnH
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m a t e r i a l .  I n  a d d i t i o n ,  gem - d i h a l d i e s  may b e  h y d r o l y z e d  
w i t h  e i t h e r  a c i d  o r  b a s e  t o  g i v e  a l d e h y d e s  o r  k e t o n e s .  
H o w e v e r ,  f o r  a l d e h y d e s ,  s t r o n g  b a s e s  may n o t  be  u s e d ,  d u e  
t o  t h e  p o s s i b i l i t i e s  o f  f u r t h e r  a l d o l  c o n d e n s a t i o n s  o r  
C a n n i z z a r o  r e a c t i o n s .  The  t e t r a c h l o r o  d e r i v a t i v e  was  
s u b j e c t e d  t o  a c i d  h y d r o l y s i s  c o n d i t i o n s ,  ( c o n c e n t r a t e d  
s u l f u r i c  a c i d  a t  11 0 °  C f o r  tw o  h o u r s )  s t a r t i n g  m a t e r i a l  
w a s  o n c e  a g a i n  r e c o v e r e d  q u a n t i t a t i v e l y .  The  h e x a c h l o r o  
d e r i v a t i v e  3 16  w as  a l s o  s u b j e c t e d  t o  h y d r o l y s i s  c o n d i t i o n s  
a n d  i m m e d i a t e l y  t r e a t e d  w i t h  m e t h a n o l  t o  a f f o r d  t h e  m ono­
e s t e r  3 17  ( 1 9 % ) ,  t h e  d i e s t e r  3 18  ( 4 2 % ) ,  a n d  some 3 1 6 .
F u t u r e  w o r k  i n  t h i s  f i e l d  s h o u l d  d e a l  p r i m a r i l y  w i t h  
t h e  r e d u c t i o n  o f  t h e  d i e s t e r  t o  t h e  d i o l ,  a n d  t h e n  
s u b s e q u e n t  c o n v e r s i o n  o f  t h e  d i o l  t o  t h e  d i c h l o r o  
d e r i v a t i v e .  As w i t h  m e t h y l  2 , 6 - p y r i d i n e d i c a r b o x y l a t e ,  
s o d i u m  b o r o h y d r i d e  may be  u s e d  i n  t h e  r e d u c t i o n  o f  3 1 8 , 
w h i l e  t h i o n y l  c h l o r i d e  r e a d i l y  c o n v e r t s  a  d i o l  t o  a  
d i c h l o r o  s u b s t i t u e n t .
+
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C r y p t a n d s . A l t h o u g h  s e v e r a l  c r y p t a n d s  h a v e  b e e n  
q u a t e r n i z e d  t o  f o r m  b i s -  a n d  t e t r a - g u a t e r n a r y  ammonium 
s a l t s ,  t h e y  w e r e  n o t  c y c l i z e d  b y  a  q u a t e r n i z a t i o n  p r o c e d u r e  
b u t  w e r e  q u a t e r n i z e d  a f t e r  c y c l i z a t i o n . ^ 5 1 , 152 
c o n t r a s t ,  we h a v e  e m p l o y e d  a  q u a t e r n i z a t i o n - d e m e t h y l a t i o n  
s e q u e n c e  ( S c h e m e  XV) t o  e f f e c t  c y c l i z a t i o n  a n d  t o  a f f o r d  a  
new  s e r i e s  o f  c r y p t a n d s .  I n i t i a l l y ,  t h e  k e y  2 , 6 - d i s u b -  
s t i t u t e d  p y r i d i n e  w as  o b t a i n e d ,  b y  r e a c t i o n  o f  2 , 6 - d i -
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c h l o r o p y r i d i n e  w i t h  e i t h e r  N , K - d i m e t h y l - 3 - h y d r o x y p r o p y l -  
a m i n e  o r  N , N - d i m e t h y l - 2 - h y d r o x y e t h y l a m i n e .  A c c o r d i n g  t o  
Newkome e t  a l .  i n  1 9 7 5 , 2 , 6 - d i h a l o p y r i d i n e s  a r e  
s u b j e c t  t o  n u c l e o p h i l i c  s u b s t i t u t i o n  b y  a l k o x i d e s ,  t h e  
r e s u l t  b e i n g  d i r e c t  a t t a c h m e n t  o f  t h e  o x y g e n  a t o m  t o  t h e  
h e t e r o a r o m a t i c  r i n g .  G e n e r a t i o n  o f  t h e  a l k o x i d e  b y  t h e  
a c t i o n  o f  s o d i u m  h y d r i d e  p r e c l u d e s  u n w a n t e d  s i d e  p r o d u c t s  
w h i c h  may be  f o r m e d  i f  s o d i u m  h y d r o x i d e  o r  o t h e r  h y d r o x y l i c  
b a s e s  a r e  e m p l o y e d .  T h i s  p r o c e d u r e  h a s  b e e n  u s e d  e x t e n s ­
i v e l y  t o  s y n t h e s i z e  a  s e r i e s  o f  p y r i d i n o  c r o w n  e t h e r s  w h i c h  
c o n t a i n  t h e  o x y g e n  h e t e r o c y c l i c  l i n k a g e .  ^69
T h e  f a c i l e  r e a c t i o n  o f  2 , 6 - d i c h l o r o p y r i d i n e  w i t h  e a c h  
o f  t h e  h o m o l o g o u s  h y d r o x y a m i n e s  r e s u l t e d  i n  t h e  f o r m a t i o n  
o f  b o t h  t h e  d i s u b s t i t u t i o n  p r o d u c t s ,  251 a n d  2 4 7  (73% a n d  
85% y i e l d ,  r e s p e c t i v e l y ) ,  a n d  t h e  m o n o s u b s t i t u t e d  p r o d u c t s ,  
2 50  a n d  2 46  (2% a n d  3% y i e l d ,  r e s p e c t i v e l y ) .  T h e s e  com­
p o u n d s  w e r e  i s o l a t e d  a n d  p u r i f i e d  b y  v a c u u m  d i s t i l l a t i o n .
Me Me Me7 \te M e  Me Me7 Me
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O f  p a r t i c u l a r  i n t e r e s t  w as  a n  u n u s u a l  p h e n o m e n o n  w h i c h  
w as  o b s e r v e d  d u r i n g  t h e  s y n t h e s i s  o f  t h e s e  d i s u b s t i t u t e d  
c o m p o u n d s :  w hen  a  l a r g e  e x c e s s  o f  s o d i u m  h y d r i d e  was  u s e d .
a  m i n u t e  a m o u n t  o f  m o n o s u b s t i t u t e d  p r o d u c t  w as  d e t e c t e d  b y  
NMR s p e c t r o s c o p y  ( b y  t h e  a p p e a r a n c e  o f  t h e  6 - p y r - H  a t  8  
8 . 1 0 ) .  I n  o r d e r  t o  d e t e r m i n e  t h e  s o u r c e  a n d  s t r u c t u r e  o f  
3 2 0 , 251 w as  t r e a t e d  w i t h  a  f i v e  m o l a r  e x c e s s  o f  s o d i u m  
h y d r i d e  i n  r e f l u x i n g  x y l e n e ;  a f t e r  24 h o u r s  320  w as
i s o l a t e d  i n  41% y i e l d .  T h i s  r e d u c t i o n  p r o d u c t  c a n  be 
p o s t u l a t e d  t o  a r i s e  t h r o u g h  i n t e r m e d i a t e  3 1 9  w h i c h  
s u b s e q u e n t l y  l o s e s  c h l o r i d e  i o n ,  a  b e t t e r  l e a v i n g  g r o u p  
t h a n  h y d r i d e .
2 , 6 - D i c h l o r o p y r i d i n e  was  a l s o  s u b j e c t e d  t o  t h e  same 
r e a c t i o n  c o n d i t i o n s  w i t h  t h e  e x c e p t i o n  t h a t  N , N - d i m e t h y l -  
e t h a n o l a m i n e  w as  o m i t t e d  f r o m  t h e  r e a c t i o n .  S t a r t i n g  
m a t e r i a l  w as  q u a n t i t a t i v e l y  r e c o v e r e d  f r o m  t h e  r e a c t i o n ,  
i n d i c a t i n g  t h e  n e c e s s i t y  o f  c o m p l e x i n g  t h e  s o d i u m  h y d r i d e  
b y  t h e  2 - s u b s t i t u t e d  p y r i d i n e  d e r i v a t i v e .  I n  a d d i t i o n ,  
t r e a t i n g  246  w i t h  s o d i u m  h y d r i d e  i n  r e f l u x i n g  x y l e n e  
a f f o r d e d  t h e  h y d r i d e  s u b s t i t u t e d  p r o d u c t  ( c a .  3 0 % ) .
T h e  p a s s i n g  r e s e m b l a n c e  o f  i n t e r m e d i a t e  321 t o  t h e  
d i h y d r o n i c o t i n a m i d e s ,  w h i c h  h a v e  i n  t h e  p a s t  b e e n  u s e d  t o  
r e d u c e  v a r i o u s  s u b s t i t u t e d  a c e t o p h e n o n e s ,  p r o m p t e d
251 3 15 320
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t e s t s  o f  t h e  new c o m p o u n d  a s  a  r e d u c i n g  a g e n t .  U n f o r t u n ­
a t e l y  a l l  a t t e m p t s  t o  r e d u c e  a ,  a , a - t r i f l u o r o a c e t o p h e n o n e  
a n d  b e n z o p h e n o n e  r e s u l t e d  i n  t h e  q u a n t i t a t i v e  r e c o v e r y  o f  
s t a r t i n g  m a t e r i a l s  i n  b o t h  i n s t a n c e s .
2 4 7  n=3
I n i t i a l l y ,  2 4 7  a n d  251 w e r e  e a c h  q u a t e r n i z e d  w i t h
1 , 4 - d i i o d o b u t a n e  i n  r e f l u x i n g  e t h a n o l .  The  r e a c t i o n  
m i x t u r e s  w e r e  n o t  p u r i f i e d  b u t  d e m e t h y l a t e d  d i r e c t l y  w i t h  
L - S e l e c t r i d e ®  i n  r e f l u x i n g  t e t r a h y d r o f u r a n ,  r e s u l t i n g  i n  
t h e  f o r m a t i o n  o f  m a c r o c y c l e s  2 5 3  a n d  266  i n  13% a n d  20% 
y i e l d ,  r e s p e c t i v e l y .  A t t e m p t s  t o  q u a t e r n i z e  f u r t h e r  a n d  
d e m e t h y l a t e  253  a n d  2 6 6  r e s u l t e d  i n  t h e  q u a n t i t a t i v e  
r e c o v e r y  o f  t h e  i n i t i a l  m a c r o c y c l e s  a c c o r d i n g  t o  TLC a n d  
NMR d a t a .  I n  r e t r o s p e c t  t h i s  w as  n o t  s u r p r i s i n g ,  s i n c e  t h e  
s p a c e  f i l l i n g  m o l e c u l a r  m o d e l s  (CPK) o f  t h e  e x p e c t e d  
c r y p t a n d s  c a n n o t  b e  r e a d i l y  f o r m e d .
+  2 1
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T r e a t m e n t  o f  251 i n  a c e t o n i t r i l e  w i t h  1 , 2 - b i s ( 2 - i o d o -  
e t h o x y ) e t h a n e , p r e p a r e d  by  t h e  F i n k e l s t e i n  r e a c t i o n  o n  t h e
s a l t  2S4 [mp 2 0 8 - 2 0 9 ° C  ( d e c ) ;  NMR $  3 . 2 5  ( s ,  - N M e ^ ) ] .
B o t h  1 , 2 - f c d s ( 2 - i o d o e t h o x y ) e t h a n e  a n d  t h e  d i c h l o r o  a n a l o g u e  
w e r e  u s e d  i n  t h i s  d i a l k y l a t i o n  p r o c e d u r e ;  t h e  f o r m e r  was  
g e n e r a l l y  p r e f e r r e d  o n  t h e  b a s i s  o f  i n c r e a s e d  c y c l i z a t i o n  
p r o d u c t s  a n d  d i m i n i s h e d  d e l i q u e s c e n c e  o f  t h e  i o d i d e  s a l t .  
R e p l a c e m e n t  o f  a c e t o n i t r i l e  a s  t h e  s o l v e n t  by  e t h a n o l  
r e s u l t e d  i n  a  10% r e d u c t i o n  i n  y i e l d .  M a c r o c y c l e  2 6 7  [mp 
1 7 8 - 1 7 9 ° C  ( d e c ) ;  NMR S 3 . 3 0  ( s , - N M e ^ )1 w a s  p r e p a r e d  i n  t h e  
s a m e  m a n n e r .  A l t h o u g h  n o t  a  p r o b l e m  w i t h  t h e s e  ammonium 
s a l t s ,  i t  s h o u l d  b e  n o t e d  t h a t  c e r t a i n  b i s - q u a t e r n a r y
p
ammonium s a l t s  w i t h  s e p a r a t e d  ( 1 3 - 1 5  A) c a t i o n i c  c e n t e r s  
u s u a l l y  e x h i b i t  c u r a r e - l i k e  p r o p e r t i e s . ^ ® ®
c o r r e s p o n d i n g  c h l o r i d e , ^ 5 2 * ^ g a v e  t h e  b i s - q u a t e r n a r y
247 n=3
G e n e r a l l y ,  t h e  b i s - g u a t e r n a r y  ammonium m a c r o c y c l e s  
w e r e  n o t  i s o l a t e d ,  b u t  w e r e  d i r e c t l y  d e m e t h y l a t e d  by  
L - S e l e c t r i d e ® 1 t o  a f f o r d  t h e  d e s i r e d  a z a c r o w n  e t h e r s  
2 5 5  T o i l ;  40% ( o v e r a l l ) ;  NMR 5 2 . 2 8  (N -M e) ]  a n d  2 6 8  [ o i l ;  
43% ( o v e r a l l ) ;  NMR S 2 . 3 0  ( N - M e ) ] .  The o n l y  o t h e r  
a t t e m p t e d  d e m e t h y l a t i o n  e m p l o y e d  t h e  s o d i u m  s a l t  o f  t h i o -  
p h e n o l 1 9 0  2 - b u t a n o n e ;  n o  d e m e t h y l a t e d  p r o d u c t s  w e r e  
i s o l a t e d .
Purification of azacrown ethers 2 5 5  and 2 6 8  was best 
accomplished by thick layer chromatography on alumina: 
elution with cyclohexane/ethyl acetate (1:1); efficiently 
removed any residual salts or bridge-fragmented contam­
inates.157 All attempts at distillation of these 
macrocycles resulted in their partial decomposition.
I t  a p p e a r s  t h a t  p r o l o n g e d  h e a t i n g  d u r i n g  t h e  d e m e t h y l ­
a t i o n  s t e p  ( 2 4  h o u r s )  r e s u l t s  i n  a  s i g n i f i c a n t  d e g r e e  o f  
f r a g m e n t a t i o n  o f  t h e  m a c r o c y c l i c  p r o d u c t .  P r o t o n  NMR 
s p e c t r o s c o p y  i n d i c a t e s  t h a t  m o s t  o f  t h e  f r a g m e n t a t i o n  
o c c u r s  b e t w e e n  t h e  o x y g e n  a t o m  a n d  t h e  p y r i d i n e  r i n g ,  a s  
e v i d e n c e d  b y  t h e  p r e s e n c e  o f  a  6 - p y r i d y l  p r o t o n  s i g n a l  a t  
8 . 1 0 .
Quaternization of macrocycles 2 5 5  and 2 6 8  with 1 , 2 -  
bis(2-iodoethoxy)ethane afforded the bis-guaternary 
ammonium salts 256  [mp 2 3 2 - 2 3 3 ° C  (dec); NMR (D2 01  ^  3 . 3 7  
(s, N-Me)] and 2 69  [mp 2 0 2 - 2 0 3 ° C  (dec); NMR (D2 0 )  S 3 . 2 3  
(s, N-Me)]. X-ray analysis of crystals of 2 5 6  obtained
176
f r o m  a n  a c e t o n i t r i l e  s o l u t i o n  d e m o n s t r a t e s  t h e  e x o - e x o  
o r i e n t a t i o n  o f  t h e  a m i n e  m e t h y l  g r o u p s  ( F i g u r e  V I ) .  Two 
o t h e r  s t r u c t u r a l  c h a r a c t e r i s t i c s  s h o u l d  be  n o t e d  f o r  2 5 6 : 
1) t h e  d i h e d r a l  a n g l e s  o f  C ( 5 ) - C ( 4 ) - 0 ( 1 ) - C ( 3 )  a n d  C ( 7 ) -  
- C ( 8 ) - 0 ( 2 ) - C ( 9 )  a r e  e s s e n t i a l l y  0 ° ,  a n d  2 )  t h e  N ( 1 ) - N ( 3 )  
d i s t a n c e  i s  a p p r o x i m a t e l y  5 . 6 9  A.
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cat.
F i g u r e  V I . ORTEP d r a w i n g  o f  t h e  b i s - g u a t e r n a r y  
ammonium s a l t  2 5 6 .
A l t h o u g h  n o  c r y s t a l  s u i t a b l e  f o r  X - r a y  a n a l y s i s  w as  
o b t a i n e d  f o r  2 6 9 , c r y p t a n d s  2 5 6  a n d  2 6 9  h a v e  v e r y  s i m i l a r
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1H NMR s p e c t r a .  I n  t h e  a b s e n c e  o f  v a r i a b l e  t e m p e r a t u r e  
NMR s p e c t r o s c o p y  s t u d i e s  o n e  c a n  o n l y  s p e c u l a t e  a s  t o  t h e  
p r e f e r r e d  c o n f o r m a t i o n  o f  b o t h  c r y p t a n d s  i n  s o l u t i o n .
C r y p t a n d s  2 5 6  a n d  2 69  w e r e  s u b j e c t e d  t o  L - S e l e c t r i d e ®  
i n  r e f l u x i n g  t e t r a h y d r o f u r a n  f o r  tw o  h o u r s  t o  a f f o r d  257  
a n d  2 70  i n  14% a n d  15% y i e l d ,  r e s p e c t i v e l y .  T h e s e  
c r y p t a n d s  a r e  b o t h  c o l o r l e s s  o i l s  t h a t  d e c o m p o s e  u p o n  
a t t e m p t e d  v a c u u m  d i s t i l l a t i o n .  T h e  s t r u c t u r e  o f  t h e s e  
c r y p t a n d s  was  e a s i l y  c o n f i r m e d  b y  NMR s p e c t r o s c o p y .
F o r  c r y p t a n d  257, a  d o u b l e t  a t  5 6 . 2 7  f o r  t h e  3 , 5 - p y r i d y l  
h y d r o g e n s  a n d  a  t r i p l e t  a t  $  7 . 4 6  f o r  t h e  4 - p y r i d y l  
h y d r o g e n  r e s u l t e d  f r o m  t h e  s y m m e t r i c a l  p y r i d i n e  s u b s t i t u ­
t i o n  p a t t e r n .  D i s a p p e a r a n c e  o f  t h e  s p i k e  f o r  t h e  N - m e t h y l  
g r o u p  a t  5 2 . 4 1  i n  m a c r o c y c l e  321 i n  c o n j u n c t i o n  w i t h  t h e  
p r e s e n c e  o f  t h e  a p p r o p r i a t e  i n t e g r a t i o n  e x p e c t e d  f o r  t h i s  
c r y p t a n d  i s  t h e  m o s t  c o n c l u s i v e  e v i d e n c e  f o r  t h e  s t r u c t u r e  
o f  2 5 7 .
T h e  NMR s p e c t r u m  o f  2 7 0  e x h i b i t e d  a  d o u b l e t  a t  8 6 . 2 0  
f o r  t h e  3 , 5 - p y r i d y l  p r o t o n s  a n d  a  t r i p l e t  a t  8  7 . 4 1  f o r  t h e  
4 - p y r i d y l  p r o t o n .  I n  a d d i t i o n ,  t h e r e  w as  n o  N - m e t h y l  
s i n g l e t  a t  8  2 . 2 8  a s  t h e r e  w as  f o r  m a c r o c y c l e  2 6 9 . T h e s e  
s p e c t r o s c o p y  d a t a  a l o n g  w i t h  a n  a c c e p t a b l e  e l e m e n t a l  
a n a l y s e s  a n d  m a s s  s p e c t r a  i n d i c a t e  t h a t  t h e  s t r u c t u r e s  
d r a w n  a r e  t h e  c o r r e c t  o n e s .
An e x t e n s i o n  o f  t h e s e  s y s t e m s  w as  a t t e m p t e d  i n  w h i c h  a  
m e t h y l e n e  u n i t  w o u l d  be  i n s e r t e d  b e t w e e n  t h e  p y r i d i n e  r i n g
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a n d  t h e  e t h e r e a l  o x y g e n  a t o m .  The  r e a c t i o n  o f  2 , 6 - b i s -  
( c h l o r o m e t h y l ) p y r i d i n e  w i t h  N , N - d i m e t h y l - 2 - h y d r o x y e t h y l -  
a m i n e  a n d  s o d i u m  h y d r i d e  i n  N , N - d i m e t h y l f o r m a m i d e  a t  r o o m
t e m p e r a t u r e  r e s u l t e d  i n  t h e  i s o l a t i o n  o f  t h e  d i s u b s t i t u t e d  
p r o d u c t  271 ( 8 6 %). D i a m i n e  271 w as  t h e n  t r e a t e d  w i t h  
1 , 2 - b i s ( 2 - i o d o e t h o x y ) e t h a n e  i n  r e f l u x i n g  a c e t o n i t r i l e  f o r  
48 h o u r s .  T h e  s o l v e n t  w as  r e m o v e d  jLn v a c u o  a n d  t h e  
r e s u l t i n g  c r u d e  p r o d u c t  w as  d r i e d  u n d e r  v a c u u m  a n d  
s u b j e c t e d  t o  d e m e t h y l a t i o n  b y  L - S e l e c t r i d e ® .
U n f o r t u n a t e l y ,  o n l y  d e m e t h y l a t e d  r i n g - o p e n e d  p r o d u c t s  c o u l d  
be  d e t e c t e d .  M o s t  o f  t h e  c l e a v a g e  a p p a r e n t l y  o c c u r r e d  
b e t w e e n  t h e  a - m e t h y l e n e  a n d  t h e  a d j a c e n t  o x y g e n  a t o m ,  
i n d i c a t i n g  t h a t  t h e s e  2 , 6 - m e t h y l e n e  g r o u p s  a r e  v e r y  
s u s c e p t i b l e  t o  n u c l e o p h i l i c  a t t a c k  b y  L - S e l e c t r i d e ® .  The  
l i m i t e d  a m o u n t  o f  s a m p l e  p r e c l u d e d  f u r t h e r  c h a r a c t e r ­
i z a t i o n .  T h i s  e n h a n c e d  r e a c t i v i t y  m ay  be  d u e  t o
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c o m p l e x a t i o n  o f  t h e  p y r i d i n e  n i t r o g e n  a t o m  b y  l i t h i u m ,  
w h i c h  p l a c e s  t h e  h y d r i d e  i o n  i n  c l o s e  p r o x i m i t y  t o  t h e  
m e t h y l e n e s  a d j a c e n t  t o  t h e  p y r i d i n e  r i n g .
T h e  n e x t  l o g i c a l  c o m p o u n d s  i n  t h i s  s e r i e s  w e r e  t h e  
c r y p t a n d s  c o n t a i n i n g  tw o  p y r i d i n e  b r i d g i n g  u n i t s  a n d  o n l y  
o n e  t r i e t h y l e n e  g l y c o l  b r i d g i n g  u n i t  b e t w e e n  t h e  b r i d g e h e a d  
n i t r o g e n  a t o m s  a n d  t h e  c r y p t a n d  c o n t a i n i n g  o n l y  p y r i d i n e  
b r i d g i n g  u n i t s  a s  i n  s t r u c t u r e s  3 2 2  a n d  2 6 4 , r e s p e c t i v e l y .  
T h e  r e a c t i o n  o f  2 , 6 - d i c h l o r o p y r i d i n e  w i t h  N - m e t h y l d i -  
e t h a n o l a m i n e  a n d  s o d i u m  h y d r i d e  a s  t h e  b a s e  i n  r e f l u x i n g
x y l e n e  a f f o r d e d  t w o  p r o d u c t s  ( 2 5 9  a n d  2 6 0 ) ,  w h i c h  w e r e  e a c h  
p u r i f i e d  b y  a l u m i n a  t h i c k  l a y e r  c h r o m a t o g r a p h y  a n d
d o u b l e t s  a t  S 6 . 6 4  a n d  6 . 8 7  f o r  t h e  3 , 5 - p y r i d y l  p r o t o n s  a n d  
t h e  t r i p l e t  a t  S 7 . 5 0  f o r  t h e  4 - p y r i d y l  p r o t o n  a p p e a r  a t  
r e a s o n a b l e  p o s i t i o n s .  M a c r o c y c l e  2 6 0  e x h i b i t e d  t h r e e  
d o u b l e t s  a t  S 6 . 2 8 ,  6 . 6 4 ,  a n d  6 . 8 8  f o r  t h e  3 , 5 - p y r i d y l  
p r o t o n s .  E a c h  d o u b l e t  i n t e g r a t e d  f o r  tw o  p r o t o n s .  The
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c h a r a c t e r i z e d  by  NMR s p e c t r o s c o p y .  I n  2 5 9  t h e  t w o
4 - p y r i d y l  p r o t o n s  e x h i b i t e d  tw o  t r i p l e t s  a t  8 7 . 4 5  ( o n e  
p r o t o n )  a n d  a t  8 7 . 5 0  ( t w o  p r o t o n s ) .  T h i s  d a t u m  i n d i c a t e s  
t h a t  o f  t h e  t h r e e  p y r i d i n e  r i n g s  i n  t h i s  m o l e c u l e ,  t w o  o f  
t h e  r i n g s  u n d e r w e n t  m o n o s u b s t i t u t i o n  a n d  t h e  c e n t r a l  r i n g  
u n d e r w e n t  d i s u b s t i t u t i o n .  When t h e  r e a c t i o n  w a s  p e r f o r m e d  
i n  N , N - d i m e t h y l f o r m a m i d e  a t  5 0 ° C ,  t h e  t w o  p r o d u c t s  i s o l a t e d  
w e r e  2 59  a n d  2 6 1 . The  t r i p l e t  a t  § 7 . 4 0  w a s  f o r  t h e  
4 - p y r i d y l  p r o t o n s  w h i l e  t h e  d o u b l e t  a t  5  6 . 2 3  w as  f o r  t h e
3 , 5 - p y r i d y l  p r o t o n s .  I n  g e n e r a l ,  when t h e  h e t e r o a t o m  i s  
l o c a t e d  d i r e c t l y  o n  t h e  p y r i d i n e  r i n g  t h e r e  i s  a n  u p f i e l d  
c h e m i c a l  s h i f t  f o r  t h e  a r o m a t i c  p r o t o n s  i n  t h e  o p e n - c h a i n  
p r o d u c t s  a s  c o m p a r e d  w i t h  t h e  m a c r o c y c l i c  p r o d u c t s .
181
M a c r o c y c l e  261 w a s  t r e a t e d  w i t h  1 , 2 - b i s { 2 - i o d o e t h o x y ) -  
e t h a n e  a c c o r d i n g  t o  t h e  g e n e r a l  p r o c e d u r e  f o r  q u a t e r n i z -  
a t i o n  a n d ,  s u b s e q u e n t  d e m e t h y l a t i o n .  U n f o r t u n a t e l y ,  no 
m a c r o c y c l i c  p r o d u c t s  o r  s t a r t i n g  m a t e r i a l  c o u l d  be i s o l a t e d  
o r  d e t e c t e d  i n  t h e  r e s u l t i n g  c r u d e  m a t e r i a l .
C r y p t a n d  2 64  w a s  f o r m e d  d i r e c t l y  i n  3% y i e l d  b y  t h e  
r e a c t i o n  o f  2 , 6 - d i c h l o r o p y r i d i n e  w i t h  t r i e t h a n o l a m i n e  u s i n g  
s o d i u m  h y d r i d e  a s  t h e  b a s e  f o r  g e n e r a t i n g  t h e  g l y c o l a t e .
T h e  NMR s p e c t r u m  o f  2 64  i s  v e r y  s i m p l e  d u e  t o  t h e  s y m m e t r y  
o f  t h e  c r y p t a n d ;  t h e  t w o  s e t s  o f  t r i p l e t s  a t  8  3 . 0 8  a n d  
4 . 3 2  w e r e  a s s i g n e d  t o  t h e  /3- a n d  a - m e t h y l e n e s .  The
3 , 5 - p y r i d y l  p r o t o n  s i g n a l  a p p e a r s  a t  8 6 . 1 3  a n d  t h e  4 -  
p y r i d y l  p r o t o n  s i g n a l  a p p e a r s  a t  8  7 . 3 0 .  T h e s e  c h e m i c a l  
s h i f t s  a r e  a n a l a g o u s  t o  t h o s e  o f  s i m i l a r  m a c r o c y c l e s  ( 2 5 7 , 
2 7 0 , a n d  261_) .
C r y s t a l s  o f  264  s u i t a b l e  f o r  X - r a y  s t r u c t u r e  
d e t e r m i n a t i o n  w e r e  o b t a i n e d  f r o m  a  s o l u t i o n  o f  c h l o r o f o r m  
a n d  e t h a n o l .  The  c r y p t a n d  w as  f o u n d  t o  p o s s e s s  D3 
s y m m e t r y  i n  t h e  c r y s t a l ,  d e v i a t i n g  f r o m  i d e a l  0 3 ^
264
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s y m m e t r y  b y  a  s l i g h t  t w i s t  a b o u t  t h e  C3 a x i s  ( F i g u r e  
V I I .
F i g u r e  V I I . ORTEP d r a w i n g  o f  2 64  p r o j e c t e d  down
t h e  N-N a x i s .
T h e  m o s t  s u r p r i s i n g  a s p e c t  o f  t h i s  c r y s t a l  s t r u c t u r e  
i s  t h a t  t h e  b r i d g e h e a d  n i t r o g e n  a t o m s  p o s s e s s  a  p l a n a r  
c o n f i g u r a t i o n  w i t h  c r y s t a l l o g r a p h i c a l l y  e q u i v a l e n t  1 2 0 ° 
b o n d  a n g l e s .  F i g u r e  V I I I  s h o w s  t h i s  u n u s u a l  p h e n o m e n o n  a s  
w e l l  a s  t h e  e x p e c t e d  b o n d  d i s t a n c e s  a n d  a n g l e s  f o r  t h i s  
m o l e c u l e .  I n  a d d i t i o n ,  t h e  NT-N2 b r i d g e h e a d  d i s t a n c e  i s
a o
7 . 0  A a n d  e a c h  p y r i d i n e  n i t r o g e n  a t o m  i s  l o c a t e d  3 . 9  A f r o m  
t h e  c e n t e r  o f  t h e  m o l e c u l e .
S i n c e  t h e  n i t r o g e n  a t o m s  i n  264  a r e  p l a n a r  s p ^  
h y b r i d i z e d ,  r a t h e r  t h a n  t h e  a n t i c i p a t e d  sp-* c o n f i g u r a -
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t i o n ,  t h e  g e n e r a l l y  a c c e p t e d  i n - i n  a n d  o u t - o u t  p i c t o r i a l  
r e p r e s e n t a t i o n  n e e d  n o t  a d e q u a t e l y  r e p r e s e n t  t h e s e  m a c r o -  
p o l y c y c l i c  s t r u c t u r e s .  D a t a  i n d i c a t e s  t h a t  s k e l e t a l  
r i g i d i t y  i s  i m p o s e d  i n  t h e  m o l e c u l e  b y  t h e  i m i d a t e  e n t i t y  
w h i c h  i s  a s s o c i a t e d  w i t h  a  l o w  d i h e d r a l  a n g l e  o f  0 +
1 0 ° . 1 ^ 1 f 192  s y n t h e t i c 1 ®^  a n d t h e o r e t i c a l 194 
s t u d i e s  h a v e  s h o w n  t h a t  h e t e r o a t o m s  a d j a c e n t  t o  t h e  
p y r i d i n e  m o i e t y  r e t a r d  m e t a l  i o n  c o m p l e x a t i o n  d u e  t o  s t e r i c
F i g u r e  V I I I . Bond a n g l e s  a n d  d i s t a n c e s  f o r  2 6 4 .
p r o b l e m s  c a u s e d  b y  t h i s  p r e f e r r e d  c o n f o r m a t i o n  o f  t h e  
i n t e g r a t e d  i m i d a t e  u n i t s  a n d  t h e  r e d u c e d  N - e l e c t r o n  
d e n s i t i e s  o n  t h e  p y r i d i n e  n i t r o g e n  a t o m s  ( F i g u r e  I X ) .  
F i g u r e  X s h o w s  t h e  s t e r e o s c o p i c  r e p r e s e n t a t i o n  o f  2 6 4 .
1.439(l)i
1.339(1)
IS B IjT Jk  1.382(2)1.327(1)
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1. Basicity of N
2 . 6 *  O*
F i g u r e  I X . R i g i d i t y  a s s o c i a t e d  w i t h  h e t e r o a t o m s  
d i r e c t l y  a t t a c h e d  t o  p y r i d i n e  n u c l e u s .
F i g u r e  X . ORTEP s t e r e o p a i r s  f o r  2 6 4 .
B e c a u s e  o f  a n  i n t e r e s t  i n  s t u d y i n g  t h e  e f f e c t s  o f  
s t r u c t u r a l  c o n s t r a i n t s  o n  t h e  c o m p l e x i n g  a b i l i t y  o f  m a c r o -  
c y c l i c  l i g a n d s , ^ 6 0  ^  w as  d e e m e d  o f  i n t e r e s t  t o  a t t e m p t  
t h e  s y n t h e s i s  o f  2 7 6 , a  s t r u c t u r a l  a n a l o g  o f  2 6 4 , i n  w h i c h  
a  m e t h y l e n e  g r o u p  w as  i n s e r t e d  b e t w e e n  e a c h  p y r i d i n e  r i n g  
a n d  o x y g e n  a t o m .  I t  w a s  e x p e c t e d  t h a t  t h e  i n c r e a s e d  f l e x ­
i b i l i t y  a n d  t h e  r e m o v a l  o f  t h e  s t e r i c  c o n s t r a i n t s  c a u s e d  by  
t h e  i m i d a t e  m o i e t i e s  ( i n  2 6 4 ) w o u l d  a l l o w  t h e  b r i d g e h e a d  N -  
l o n e  p a i r s  o f  e l e c t r o n s  t o  a s s u m e  a  n o n p l a n a r  ( s p 3 )  
c o n f i g u r a t i o n  a n d  t o  t h u s  be  a v a i l a b l e  f o r  i n t e r n a l  com -  
p l e x a t i o n .  C r y p t a n d  2 7 6  w a s  s y n t h e s i z e d  b y  t h e  r e a c t i o n
A  +  N(CH2CH^0H)s  »
Cl Cl
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o f  s o d i u m  h y d r i d e  w i t h  t r i e t h a n o l a m i n e  a n d  2 , 6 - b i s ( c h l o r o -  
m e t h y l ) p y r i d i n e . The  b e s t  y i e l d s  (2%) w e r e  a c h i e v e d  when 
t h e  tw o  r e a c t a n t s  w e r e  a d d e d  s i m u l t a n e o u s l y  a s  d i l u t e  
s o l u t i o n s  a t  a  v e r y  s l o w  r a t e  ( n o t  s o  h i g h  d i l u t i o n ) .  The  
u s e  o f  t e t r a h y d r o f u r a n  o r  x y l e n e  a s  a  s o l v e n t  p r o v e d  t o  be 
f r u i t l e s s ;  c y c l i z a t i o n  w as  o n l y  o b s e r v e d  t o  o c c u r  i n  N f N -  
d i m e t h y l f o r m a m i d e .  T he  NMR s p e c t r u m  o f  c r y p t a n d  2 7 6  
s h o w e d  a  l a r g e  u p f i e l d  s h i f t  f o r  t h e  4 - p y r i d y l  p r o t o n  
s i g n a l  a t  8  6 . 9 0 ,  w h i l e  t h e  3 , 5 - p y r i d y l  p r o t o n s  r e s o n a t e d  
a t  5 7 . 3 0 ,  c o m p a r a b l e  t o  s i m i l a r  c o m p o u n d s  ( 2 6 4 , 2 8 5 , 2 9 3 , 
3 0 0 ) .  M o l e c u l a r  m o d e l s  (CPK) o f  2 7 6  s h o w e d  t h a t  t h e  p y r ­
i d i n e  r i n g s  c o u l d  f r e e l y  r o t a t e  t h r o u g h " t h e  c a v i t y ,  b u t  
t h a t  o n l y  o n e  p y r i d i n e  r i n g  c o u l d  be  a c c o m m a d a t e d  w i t h i n  
t h e  c a v i t y  a t  a n y  t i m e .  V a r i a b l e  t e m p e r a t u r e  NMR s p e c ­
t r o s c o p y  s t u d i e s  o f  2 7 6  s u g g e s t e d  t h a t ,  a t  l e a s t  i n
s o l u t i o n  (CD C l  ) ,  t h e  p r e d i c t i o n  o f  t h e  m o l e c u l a r  m o d e l s  
2 2
a r e  b o r n e  o u t .  On t h e  NMR t i m e  s c a l e ,  a  r a p i d l y  r o t a t i n g  
s t r u c t u r e  o f  t h i s  t y p e  a p p e a r s  t o  p o s s e s s  a v e r a g e  C3  
s y m m e t r y .  A l t h o u g h  c o a l e s e n c e  o f  t h e  4 - p y r i d y l  p r o t o n
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o c c u r s  a t  - 7 8 ° C ,  AG^ c a n n o t  be  c a l c u l a t e d  b e c a u s e  t h e  
s a m p l e  f r e e z e s  b e f o r e  t h e  p e a k s  r e a p p e a r .
F i g u r e  X I . ORTEP d r a w i n g  o f  2 7 6 .
W e l l  f o r m e d  s i n g l e  c r y s t a l s  w e r e  o b t a i n e d  f o r  X - r a y  
d i f f r a c t i o n  by  s l o w  e v a p o r a t i o n  o f  a  c h l o r o f o r m  s o l u t i o n  o f  
2 7 6 . F i g u r e  XI  i l l u s t r a t e s  t h e  i n - i n  c o n f i g u r a t i o n  o f  
c r y p t a n d  2 4 1 ,  i n  c o n t r a s t  w i t h  t h e  p l a n a r  n i t r o g e n  c o n ­
f i g u r a t i o n  p r e v i o u s l y  r e p o r t e d  f o r  2 6 4 . T he  s u r p r i s i n g  
s t r u c t u r a l  a s p e c t  o f  2 7 6  i s  t h e  r e l a t i v e  o r i e n t a t i o n  o f  t h e  
p y r i d i n e  r i n g s .  T h e  p l a n e  n o r m a l s  o f  tw o  o f  t h e  p y r i d i n e  
r i n g s  p o i n t  t o w a r d  t h e  c e n t e r  o f  t h e  m o l e c u l e ,  w h i l e  t h e  
t h i r d  p y r i d i n e  r i n g  i s  l o c a t e d  w i t h i n  t h e  c a v i t y .  The  
c e n t e r  o f  t h e  m o l e c u l e  i s  o c c u p i e d  b y  a  p y r i d i n e  4 - h y d r o g e n
e
a t o m ,  w h i c h  l i e s  w i t h i n  1 A o f  t h e  m i d p o i n t  b e t w e e n  t h e  tw o  
b r i d g e h e a d  n i t r o g e n  a t o m s .  W h e r e a s  i n  c r y p t a n d  2 6 4  l i n k a g e  
t o  t h e  a r o m a t i c  r i n g  i s  c i s  t o  t h e  n i t r o g e n  a t o m  w i t h  t h e
Figure XII. ORTEP stereopairs of 276.
N - C - O - C  t o r s i o n  a n g l e  n e a r  z e r o ,  s u c h  a  l i n k a g e  i n  c r y p t a n d  
2 7 6 , d e s c r i b e d  b y  t o r s i o n  a n g l e s  e q u i v a l e n t  t o  N 14 ) —C ( 1 9 )  —
C ( 2 0 ) - 0 ( 4 ) ,  i s  i n  a l l  c a s e s  w i t h i n  3 0 °  o f  t h e  t r a n s  c o n ­
f i g u r a t i o n .  The l o w  s y m m e t r y  o f  2 7 6  a n d  t h e  p r e s e n c e  o f  
d i f f e r e n t  c o n f o r m a t i o n s  f o r  e a c h  o f  i t s  t h r e e  b r i d g i n g  
c h a i n s  a t t e s t s  t o  i t s  g r e a t e r  f l e x i b i l i t y  w i t h  r e s p e c t  t o  
c r y p t a n d  2 6 4 .
D i s t a n c e s  a n d  a n g l e s  c o m p a r e  q u i t e  w e l l  w i t h  c o r r e ­
s p o n d i n g  v a l u e s  f o u n d  i n  c r y p t a n d  2 6 4 , e x c e p t  f o r  t h e  
b r i d g e h e a d  C -N -C  a n g l e ,  w h i c h  i s  1 1 4 . 0 ° .  No u n u s u a l  b o n d  
d i s t a n c e s  o r  a n g l e s  e x i s t ,  a n d  no u n u s u a l l y  s h o r t  i n t r a ­
m o l e c u l a r  c o n t a c t s  a r e  p r e s e n t .  F i g u r e  XIV i l l u s t r a t e s  t h e  
b o n d  d i s t a n c e s  a n d  a n g l e s  f o u n d  f o r  t h i s  c r y p t a n d .  The  
N 1-N 2  b r i d g e h e a d  d i s t a n c e  i s  9 . 5 9 8  A.
I t  i s  n o t  u n e x p e c t e d  t h a t  c r y p t a n d  2 7 6  i s  a b l e  t o  
c o l l a p s e  t o  f i l l  i t s  own c a v i t y ,  s i n c e  t o  m a i n t a i n  t h e  
c a v i t y  a s  a  v o i d  w o u l d  be  i n e r g e t i c a l l y  u n f a v o r a b l e .  I f  
t h e r e  i s  a n  i n h e r e n t  s t r u c t u r a l  r i g i d i t y  a s  i n  264  t h e
F i g u r e  X I I I . ORTEP d r a w i n g  o f  2 7 6  dow n t h e  
b r i d g h e a d  N-N a x i s .
c a v i t y  may e x i s t  a s  a  v o i d ,  a s  e v i d e n c e d  b y  X - r a y  a n a l y s i s  
b u t  i n  s o l u t i o n  t h e  c a v i t y  m o s t  l i k e l y  w i l l  c o n t a i n  s o l v e n t  
m o l e c u l e s .  I n  n u m e r o u s  c a s e s  w a t e r  a n d  v a r i o u s  o t h e r  
n e u t r a l  m o l e c u l e s  { a c e t o n i t r i l e , e t h y l  a l c o h o l ,  m e t h y l  
a l c o h o l ,  e t c . )  h a v e  b e e n  sh o w n  t o  f o r m  c o m p l e x e s  w h i c h  may
F i g u r e  X IV . Bond a n g l e s  a n d  d i s t a n c e s  f o r  2 7 6 .
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b e  o b t a i n e d  a s  c r y s t a l l i n e  s o l i d s  f r o m  w h i c h  y i e l d  t o  X - r a y  
a n a l y s i s . ^
T r e a t m e n t  o f  2 7 6  w i t h  m a n g a n e s e ( I X ) p e r c h l o r a t e  i n  
e t h a n o l  i n  a  r a t i o  o f  2 : 1  ( m e t a l  s a l t  t o  l i g a n d )  r e s u l t e d  
i n  t h e  i m m e d i a t e  p r e c i p i t a t i o n  o f  a  w h i t e  s o l i d  2 7 7 . 
C r y s t a l s  s u i t a b l e  f o r  X - r a y  a n a l y s i s  w e r e  o b t a i n e d  by  
e v a p o r a t i o n  o f  a  m e t h a n o l i c  s o l u t i o n  o f  t h e  r e s u l t a n t  
m a t e r i a l .
T h e  m o s t  s u r p r i s i n g  f e a t u r e  o f  t h i s  s t r u c t u r e  
d e t e r m i n a t i o n  w as  t h e  a b s e n c e  o f  a  m e t a l  i o n  w i t h i n  t h e  
c a v i t y .  The c o m p o u n d  i s o l a t e d  w as  sh o w n  t o  be  t h e  b i s -  
q u a t e r n a r y  p e r c h l o r a t e  s a l t  2 7 7 . The  t w o  b r i d g e h e a d
n i t r o g e n  a t o m s  a r e  i n  t h e  i n - i n  c o n f i g u r a t i o n  w i t h  t h e  
h y d r o g e n  a t o m s  o n  t h e  b r i d g e h e a d  n i t r o g e n s  l o c a t e d  i n s i d e  
t h e  c a v i t y  o f  t h e  m a c r o c y c l e .  B o t h  o f  t h e s e  p r o t o n s  a r e  
h e l d  i n  a  t e t r a h e d r a l  a r r a y  ( b o n d  d i s t a n c e s  a r e  s h o w n  i n  
F i g u r e  XV) b y  a  n i t r o g e n  a t o m  a n d  t h r e e  o x y g e n  a t o m s .  A l l  
o f  t h e  O-H-N a n d  O-H-O a n g l e s  r a n g e  f r o m  1 0 5 °  t o  1 1 6 ° .  I n  
a d d i t i o n ,  t h e  t h r e e  o x y g e n  a t o m s  h a v e  t u r n e d  s u c h  t h a t
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F i g u r e  XV. Bond  d i s t a n c e s  f o r  t h e  p r o t o n  h e l d  i n  a
t e t r a h e d r a l  a r r a y  b y  t h e  o x y g e n  a t o m s .
t h e i r  e l e c t r o n  d e n s i t y  i s  l o c a t e d  i n s i d e  t h e  c a v i t y  i n  
c o n t r a s t  w i t h  t h e  n o n - p r o t o n a t e d  c r y p t a n d  w h e r e  t h e  o x y g e n  
a t o m s  a r e  o r i e n t e d  s u c h  t h a t  t h e i r  e l e c t r o n  d e n s i t y  i s  
o u t s i d e  t h e  c a v i t y .  N e i t h e r  i s  t h e  p y r i d i n e  r i n g  l o c a t e d  
i n s i d e  t h e  c a v i t y :  t h e  t h r e e  p y r i d i n e  r i n g s  now f o r m  a n
e q u i l a t e r a l  t r i a n g l e  a r o u n d  t h e  c e n t e r  o f  t h e  m o l e c u l e  i n  a  
h e a d - t o - t a i l  f a s h i o n .  The  m o l e c u l e  h a s  b e c o m e  m ore  
e l o n g a t e d  w i t h  a  b r i d g e h e a d  N 1-N 2  d i s t a n c e  o f  1 0 . 4 0  A f o r  
2 7 7 , w h i l e  t h e  N 1-N 2  d i s t a n c e  f o r  2 76  i s  9 . 5 9 8  A. The  
s y m m e t r y  o f  t h e  m o l e c u l e  i s  a p p r o x i m a t e l y  C3 .
T h e  c e n t e r  o f  t h e  m o l e c u l e  w as  f o u n d  i n  t w o  w a y s  a n d
o
t h e  d i s t a n c e  b e t w e e n  t h e  tw o  c e n t e r s  i s  o n l y  0 . 0 2 9  A. The  
f i r s t  m e t h o d  f o r  f i n d i n g  t h e  c e n t e r  o f  t h e  m o l e c u l e  w as  
s i m p l y  by a v e r a g i n g  t h e  c o o r d i n a t e s  o f  t h e  tw o  b r i d g e h e a d  
n i t r o g e n  a t o m s ;  e a c h  o f  t h e s e  n i t r o g e n  a t o m s  i s  l o c a t e d  
5 . 2 0 2  A f r o m  t h e  c e n t e r  o f  t h e  m o l e c u l e .  The  s e c o n d  c e n t e r  
w as  o b t a i n e d  by  a v e r a g i n g  c o o r d i n a t e s  o f  a l l  s i x  a t o m s  i n  
e a c h  r i n g  t o  o b t a i n  t h e  c e n t r o i d  o f  t h e  r i n g ;  t h e
F i g u r e  X V I .  ORTEP d r a w i n g  dow n t h e  N-N b r i d g e h e a d  a x i s .
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F i g u r e  X V I I . S c h e m a t i c  i l l u s t r a t i n g  t h e  b o n d  
d i s t a n c e s  a n d  a n g l e s  o f  t h e  p y r i d i n e  r i n g s  
a b o u t  t h e  c e n t e r  o f  t h e  m o l e c u l e .
c o o r d i n a t e s  o f  t h e s e  c e n t r o i d s  o f  e a c h  r i n g  w e r e  t h e n  
a v e r a g e d  t o  o b t a i n  t h e  c e n t e r  o f  t h e  m o l e c u l e .  F ro m  t h e s e  
d a t a  w as  c a l c u l a t e d  t h e  d i s t a n c e  o f  e a c h  c e n t r o i d  f r o m  t h e
c e n t e r  a n d ,  a l s o ,  t h e  a n g l e s  b e t w e e n  t h e  c e n t r o i d  t o  c e n t e r  
v e c t o r s .
F i g u r e  X V I I I .  S t e ' r e o p a i r s  o f  2 7 7 .
T h e  c o p p e r ( I I )  a n d  c o b a l t ( I I )  c h l o r i d e  c o m p l e x e s  o f  
2 76  w e r e  p r e p a r e d ;  e l e m e n t a l  a n a l y s e s  i n d i c a t e  t h a t  i n  b o t h  
c a s e s  t h e r e  a r e  t w o  m e t a l  a t o m s  a s s o c i a t e d  w i t h  e a c h  
c r y p t a n d  m o l e c u l e .  To  d a t e ,  h o w e v e r ,  no  c r y s t a l s  s u i t a b l e  
f o r  X - r a y  s t r u c t u r a l  d e t e r m i n a t i o n  s t u d i e s  h a v e  b e e n  
o b t a i n e d .
I n  a n  e f f o r t  t o  d e t e r m i n e  t h e  c o n f i g u r a t i o n  o f  2 64  i n  
s o l u t i o n ,  t h e  c a r b o n - 1 3  NMR s p e c t r a  w e r e  a c q u i r e d  f o r  
c r y p t a n d s  2 64  a n d  2 7 6 . I n  t h e  c a s e  o f  a  n i t r o g e n  b r i d g e ­
h e a d  t h a t  i s  p l a n a r  i n  s o l u t i o n  ( 2 6 4 ) ,  t h e  a d j a c e n t  
m e t h y l e n e s  s h o u l d  h a v e  a  s i g n i f i c a n t l y  d i f f e r e n t  c h e m i c a l  
s h i f t  f r o m  t h e  m e t h y l e n e s  i n  2 7 6 .  H o w e v e r ,  f o r  c r y p t a n d  
264  t h e  N-CH„ c a r b o n  a p p e a r s  a t  5 5 . 0 9  H z ,  w h i l e  i n  c r y p t a n d
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2 76  t h e  N“ CH2  m e t h y l e n e s  a p p e a r  a t  5 7 . 6 7  H z .  The  d i f f e r ­
e n c e  (A) o f  o n l y  2 . 5 8  Hz i s  n o t  s i g n i f i c a n t  e n o u g h  t o  
i n d i c a t e  p l a n a r i t y  o f  t h e  b r i d g e h e a d  n i t r o g e n  a t o m s  i n  264  
i n  s o l u t i o n .
V B g t l e  a n d  E n g e l  h a v e  p e r f o r m e d  pKa m e a s u r e m e n t s  on  
2 64  a n d  2 76  u s i n g  a  p H - e l e c t r o d e  a n d  t r i t r a t i n g  w i t h  h y d r o ­
c h l o r i c  a c i d  ( 1 0 " 2  n ) .  The  b a s i c i t y  o f  c r y p t a n d  2 6 4  
w a s  m e a s u r e d  i n  w a t e r / m e t h a n o l  ( 4 : 1 )  a n d  t h e  d a t a  i n d i c a t e  
t h a t  t h e  co m p o u n d  i s  o n l y  m o n o p r o t o n a t e d  a t  a  pKa o f  
a p p r o x i m a t e l y  7 . 5  d e s p i t e  t h e  f a c t  t h a t  t h e r e  a r e  tw o  
n i t r o g e n  a t o m s .  The  pH m e a s u r e m e n t  o f  2 7 6  w a s  p e r f o r m e d  i n  
w a t e r  a n d  i n d i c a t e s  o n l y  o n e  e q u i v a l e n c e  p o i n t  a t  pKa 7 . 8  
w i t h  t w o  m o l e s  o f  p r o t o n  b e i n g  t a k e n  u p  a t  o n c e .  I n  c o n ­
t r a s t ,  L e h n ' s  [ 2 . 2 . 2 }  c r y p t a n d  s h o w s  tw o  pKa v a l u e s ,  9 . 6  
a n d  7 . 2 8 ;  a n d  c r y p t a n d  [ 3 . 3 . 3 }  e x h i b i t s  pKa v a l u e s  o f  6 . 9 6  
a n d  7 . 7 0 ,  s i m i l a r  t o  t h e  v a l u e  s e e n  f o r  2 7 6 . C o m p l e x  
c o n s t a n t  m e a s u r e m e n t s  made  w i t h  i o n  s e l e c t i v e  e l e c t r o d e s  on 
t h e s e  t w o  c r y p t a n d s  a r e  c u r r e n t l y  u n d e r w a y  i n  t h e i r  l a b ­
o r a t o r i e s  . 196
A s a  m e a n s  o f  c o m p a r i s o n ,  i t  w as  o f  i n t e r e s t  t o  s y n ­
t h e s i z e  3 2 3 .  T h i s  c o u l d  be  a c c o m p l i s h e d  b y  s y n t h e s i s  o f  
2 7 4 ,  s u b s e q u e n t ,  q u a t e r n i z a t i o n  w i t h  1 , 2 - b i s ( 2 - i o d o e t h o x y ) -  
e t h a n e  a n d  d e m e t h y l a t i n g  t o  a f f o r d  t h e  d e s i r e d  c r y p t a n d  
( S c h e m e  X V I ) .  T h e  r e a c t i o n  o f  2 , 6 - b i s ( c h l o r o m e t h y l ) -  
p y r i d i n e  w i t h  t h e  s o d i u m  g l y c o l a t e  o f  N - m e t h y l d i e t h a n o l -  
a m i n e  i n  N , N - d i m e t h y l f o r m a m i d e  a f f o r d e d  2 7 4  (52%) a s  a
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c o l o r l e s s  o i l  a f t e r  p u r i f i c a t i o n  b y  a l u m i n a  t h i c k  l a y e r  
c h r o m a t o g r a p h y .
The  NMR s p e c t r u m  s h o w e d  a t r i p l e t  a t  8  7 . 5 1  
f o r  t h e  t w o  4 - p y r i d y l  p r o t o n s .  274 w a s  t h e n  q u a t e r n i z e d  
w i t h  1 r 2 - b i s { 2 - i o d o e t h o x y J e t h a n e  i n  r e f l u x i n g  a c e t o n i t r i l e ; 
a f t e r  w o r k u p  t h e  r e s u l t i n g  v i s c o u s  o i l  was  d i r e c t l y  t r e a t e d  
w i t h  L - S e l e c t r i d e ®  t o  e f f e c t  d e m e t h y l a t i o n .  No m a c r o c y c l i c  
p r o d u c t s  c o u l d  be  d e t e c t e d  o n l y  r i n g - o p e n e d  d e m e t h y l a t e d  
m a t e r i a l s  a p p e a r  t o  be  p r e s e n t ,  b u t  t h e s e  n u m e r o u s  
m i n i s c u l e  f r a c t i o n s  w e r e  n o t  c h a r a c t e r i z e d .
B e c a u s e  o f  t h e  n o n e x i s t e n c e  o f  c r y p t a n d s  c o n t a i n i n g
1 , 8 - n a p h t h y r i d i n o  m o i e t i e s  a n d  t h e  v a r i e d  i n t e r e s t i n g
S c h e m e  XVI
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s t r u c t u r a l  p r o p e r t i e s  o f  t h e  c r y p t a n d s  t h u s  f a r  s y n t h e ­
s i z e d  ( 264  a n d  2 7 6 ) ,  we w e r e  i n t e r e s t e d  i n  i n c o r p o r a t i n g  
t h i s  e n t i t y  w i t h i n  a  c r y p t a n d .  The r e a c t i o n  o f  t h e  
r e l a t i v e l y  i n s o l u b l e  2 , 7 - d i c h l o r o - l , 8 - n a p h t h y r i d i n e  w i t h  
t r i e t h a n o l a m i n e  w as  p e r f o r m e d  a t  B0°C  i n  N , N - d i m e t h y l -  
f o r m a m i d e .  As u s u a l ,  s o d i u m  h y d r i d e  w as  e n l i s t e d  a s  t h e  
b a s e  t o  g e n e r a t e  t o  g l y c o l a t e .  Two p r o d u c t s  w e r e  i s o l a t e d  
a n d  p u r i f i e d  b y  a l u m i n a  t h i c k  l a y e r  c h r o m a t o g r a p h y .  281 
w a s  f o r m e d  i n  3% y i e l d  a n d  i d e n t i f i e d  a s  t h e  o p e n - c h a i n
NtCH^CHgOHJj
a n a n  Cl
281 282
d i s u b s t i t u t e d  n a p h t h y r i d i n e  c o m p o u n d .  The  i n a c r o c y c l i c  
p r o d u c t  2 8 2  w a s  i s o l a t e d  (9%) a n d  i d e n t i f i e d  b y  n o r m a l  
p h y s i c a l  m e t h o d s .  A l l  a t t e m p t s  t o  i s o l a t e  t h e  d e s i r e d  
c r y p t a n d  3 2 4  h a v e  f a i l e d ,  t h i s  i s  b e l i e v e d  t o  be  d u e  t o  t h e  
e x p e c t e d  i n s o l u b i l i t y  o f  t h i s  c r y p t a n d  a n d  t h e  i n t e r m e d ­
i a t e s ;  t h e  s y n t h e s i s  o f  324  i s  l e f t  a s  a n  e x e r c i s e  t o  t h e  
r e a d e r .
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N oH , DMF .
A t t e m p t s  w e r e  m ade  t o  i n c o r p o r a t e  t h e  6 , 6 ' - d i m e t h y l -  
2 , 2 1- d i p y r i d i n e  m o i e t y  i n t o  a  c r y p t a n d  b y  t r e a t m e n t  o f  t r i -  
e t h a n o l a m i n e  w i t h  6 , 6 ' - b i s ( c h l o r o m e t h y l ) - 2 , 2 ’ - d i p y r i d i n e . 
T h e  d e s i r e d  c r y p t a n d  s h o u l d  h a v e  a s i g n i f i c a n t  f r o n t a l  
r e t e n t i o n  v a l u e  o n  a l u m i n a  TLC,  h o w e v e r ,  no  e l u a n t ,  e v e n  
1 0 % e t h a n o l  i n  c h l o r o f o r m ,  w o u l d  move a n y t h i n g  f r o m  t h e  
b a s e l i n e .  T h i s  l e a d s  o n e  t o  c o n c l u d e  t h a t  t h e  d e s i r e d  
m a c r o c y c l e  w as  n o t  f o r m e d .  I n  r e t r o s p e c t  t h i s  i s  n o t  
u n e x p e c t e d  s i n c e  c a l c u l a t i o n s  show  t h a t  d i p y r i d i n e  p r e f e r s  
t h e  a n t i  c o n f o r m a t i o n  o v e r  t h e  s y n  c o n f o r m a t i o n . ^ ^
I n  a d d i t i o n ,  t h e r e  i s  a l s o  a n  e n t r o p y  p r o b l e m  s i n c e  f i v e  
m o l e c u l e s  m u s t  be  c o n s t r a i n e d  i n  p r o x i m i t y  i n  o r d e r  f o r  
r e a c t i o n  t o  o c c u r .  P e r h a p s  a  m e t a l  i o n  may be  u t i l i z e d  t o  
c o m p l e x  t h e  d i p y r i d i n e  i n  t h e  s y n  c o n f o r m a t i o n s ,  t h e r e b y ,
anti syn
a l l o w i n g  t h e  c y c l i z a t i o n  t o  o c c u r .  A t  p r e s e n t  i t  a p p e a r s  
t h a t  z i n c ( I I )  c h l o r i d e  may be  u s e f u l  i n  s e l e c t e d  i n s t a n c e s .  
H o w e v e r ,  t h e  l a b i l i t y ^97  Qf  t h e  z i n c ( I I )  c h l o r i d e -  
d i p y r i d i n e  c o m p l e x  t o  w a t e r  may p r e c l u d e  t h e  u t i l i t y  o f  
s u c h  a  c o m p l e x  u n d e r  g l y c o l a t e  r e a c t i o n  c o n d i t i o n s .
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C o n c l u s i o n
T h e  m a j o r  t h r u s t  o f  t h i s  r e s e a r c h  p r o j e c t  h a s  b e e n  t h e  
s t u d y  o f  m o l e c u l a r  s t r u c t u r e  v e r s u s  c o m p l e x a t i o n  a b i l i t y ,  
t h e  u l t i m a t e  a i m  b e i n g  t h e  s y n t h e s i s  o f  m e t a l  s p e c i f i c  
c h e l a t e s  c a p a b l e  o f  s e l e c t i v e l y  c o m p l e x i n g  a  p a r t i c u l a r  
m e t a l  i o n .  T he  l a t t e r  g o a l  r e m a i n s  a n  e l u s i v e  d r e a m  a t  
t h i s  t i m e  i n  h i s t o r y ;  h o w e v e r ,  s i g n i f i c a n t  s t r i d e s  h a v e  
b e e n  made  t o w a r d s  u n d e r s t a n d i n g  t h e  e f f e c t s  o f  s t r u c t u r a l  
m o d i f i c a t i o n  o f  a  c h e l a t e  o n  i t s  c o m p l e x a t i o n  a b i l i t i e s .
T h e  o n e s  d i s c u s s e d  h e r e  may be m o n o c y c l i c  ( c o r o n a n d s )  o r  
p o l y c y c l i c  ( c r y p t a n d s )  a n d  may c o m p l e x  o n e  o r  m o re  m e t a l  
i o n s .
M o s t  o f  t h e  p r e v i o u s  w o r k  w i t h  a z a  c o r o n a n d s  h a s  
c e n t e r e d  p r i m a r i l y  o n  t h e  j j i  s i t u  S c h i f f ' s  b a s e  c y c l o -  
c o n d e n s a t i o n  o f  a  d i a l d e h y d e  o r  a  d i k e t o n e  w i t h  a  d i a m i n e ,  
w i t h  a  t r a n s i t i o n  m e t a l  a s  t h e  t e m p l a t e  i o n .  T h e s e  
r e a c t i o n s  a r e  v e r y  m e t a l  i o n  s p e c i f i c  a n d  i n  m o s t  i n s t a n c e s  
r e m o v a l  o f  t h e  m e t a l  i o n  f r o m  t h e  r e s u l t i n g  m a c r o c y c l i c  
c o m p l e x  i s  d i f f i c u l t ,  i f  n o t  i m p o s s i b l e  t o  a c c o m p l i s h  
w i t h o u t  f r a g m e n t a t i o n  o f  t h e  m a c r o c y c l e .  O n l y  a  f e w  
i s o l a t e d  c a s e s  h a v e  b e e n  r e p o r t e d  i n  w h i c h  t h e  f r e e  i m i n e  
h a s  b e e n  i s o l a t e d  a n d  s u b s e q u e n t l y  r e d u c e d  t o  t h e  f r e e  
a m i n e .
We w e r e  i n t e r e s t e d  i n  u t i l i z i n g  a  d i f f e r e n t  a p p r o a c h :  
t h e  m a c r o c y c l i c  l i g a n d  i s  s y n t h e s i z e d  f i r s t  a n d  t h e n  t h e  
m e t a l  i o n  c o m p l e x  i s  f o r m e d .  A l l  o f  t h e  m a c r o c y c l e s  
r e p o r t e d  i n  t h i s  d i s s e r t a t i o n  c o n t a i n  e i t h e r  p y r i d i n e  o r
1 , 8 - n a p h t h y r i d i n e . Of  t h e  v a r i o u s  c o r o n a n d s  r e p o r t e d ,  
som e c o n t a i n  o n l y  n i t r o g e n  h e t e r o a t o m s  w h i l e  o t h e r s  
c o n t a i n  b o t h  n i t r o g e n  a n d  o x y g e n  h e t e r o a t o m s .  H o w e v e r ,  
t r a n s i t i o n  m e t a l  i o n  c o m p l e x e s  h a v e  b e e n  f o r m e d  o n l y  f o r  
t h e  m a c r o c y c l e s  w h i c h  c o n t a i n  s t r i c t l y  n i t r o g e n  h e t e r o ­
a t o m s ;  n o  c o m p l e x e s  h a v e  b e e n  f o u n d  f o r  t h e  m a c r o c y c l e s  
w h i c h  a l s o  c o n t a i n  o x y g e n  a n d  n i t r o g e n  a t o m s .  F u r t h e r m o r e ,  
i f  t h e  h e t e r o a t o m  i s  d i r e c t l y  s u b s t i t u t e d  o n  t h e  p y r i d i n e  
n u c l e u s ,  t h e  m a c r o c y c l e  d o e s  n o t  f o r m  m e t a l  i o n  c o m p l e x e s .
A d i p r o t o n a t e d  c o b a l t ( I I )  t e t r a c h l o r i d e  s a l t  was  f o r m e d  
f r o m  2 8 4 ,  w h i c h  c o n t a i n s  b o t h  o x y g e n  a n d  n i t r o g e n  a t o m s .
A n o t h e r  m a c r o c y c l e ,  2 9 3 , a n  a n a l o g u e  o f  " 1 8 - c r o w n - 6 ” , 
w a s  s y n t h e s i z e d  b y  t h e  t r e a t m e n t  o f  2 , 6 - b i s ( c h l o r o m e t h y l ) -  
p y r i d i n e  w i t h  N , N ' - d i m e t h y l e t h y l e n e d i a m i n e . T h i s  co m p o u n d
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w as  f o u n d  t o  f o r m  a n  o c t a h e d r a l  c o m p l e x  w i t h  e i t h e r  
c o b a l t ( I I )  o r  c o p p e r ( I I )  c h l o r i d e ,  w h e r e i n  a l l  o f  t h e  
c o o r d i n a t i o n  s i t e s  o f  t h e  m e t a l  i o n  a r e  o c c u p i e d  b y  a
l i g a t i n g  a t o m  o f  t h e  m a c r o c y c l e .  The  c o u n t e r i o n  o f  t h i s  
c o m p l e x  i s  t e t r a c h l o r o c o b a l t a t e ( 2 - ) .  The  i n t e r e s t i n g  
c o m p l e x a t i o n  p r o p e r t i e s  o f  2 93  h a v e  l e d  t o  t h e  s y n t h e s i s  o f  
t h e  p i p e r a z i n e  d e r i v a t i v e  3 0 0 . I f  t h e  t h e  p i p e r a z i n e  r i n g s  
o f  t h i s  c o m p o u n d  c a n  a s s u m e  t h e  b o a t  c o n f o r m a t i o n ,  a l l  f o u r  
o f  t h e s e  n i t r o g e n  a t o m s  s h o u l d  be  a b l e  t o  p a r t i c i p a t e  i n  
c o m p l e x a t i o n  o f  a  m e t a l  i o n .  T he  c o p p e r ( I I )  c h l o r i d e  
c o m p l e x  o f  300  h a s  b e e n  p r e p a r e d  a n d  t h e  s t r u c t u r e  d e t e r ­
m i n e d  b y  X - r a y  a n a l y s i s .  I t  a p p e a r s  t h a t  a  c o p p e r  a t o m  
o c c u p i e s  t h e  c a v i t y  o f  t h e  m a c r o c y c l e ,  b u t  t h a t  o n l y  t h e  
p y r i d i n e  n i t r o g e n  a t o m s  a r e  i n v o l v e d  i n  c o m p l e x a t i o n  o f  t h e  
m e t a l .  A n o t h e r  c o p p e r  i o n  i s  a l s o  p r e s e n t  i n  t h e  u n i t
2 9 3
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c e l l ;  h o w e v e r ,  t h e  e x a c t  n a t u r e  o f  t h i s  s p e c i e s  i s  n o t  
kn o w n  b e c a u s e  a  d i s o r d e r e d  s o l v e n t  s p h e r e  a b o u t  t h i s  m e t a l  
i o n  p r e v e n t s  f u r t h e r  r e f i n e m e n t  o f  t h e  d a t a .
N u m e r o u s  c r y p t a n d s  h a v e  b e e n  r e p o r t e d ,  a c c o m p a n i e d  b y  
d a t a  o n  t h e i r  c o m p l e x a t i o n  p r o p e r t i e s .  I t  h a s  b e e n  
d e t e r m i n e d  t h a t  t h e r e  i s  a  d i r e c t  r e l a t i o n s h i p  b e t w e e n  
c o m p l e x  s t a b i l i t y  a n d  t h e  r e l a t i v e  s i z e s  o f  t h e  c a t i o n  a n d  
t h e  c a v i t y :  t h e  m o s t  s t a b l e  c o m p l e x  i s  f o r m e d  w hen  t h e r e
i s  a  g o o d  f i t  o f  t h e  g u e s t  w i t h i n  t h e  h o s t .  C r y p t a n d s  
c o n t a i n i n g  o x y g e n  a t o m s  i n  t h e  b r i d g i n g  u n i t s  p r e f e r e n ­
t i a l l y  c o m p l e x  t h e  a l k a l i  a n d  a l k a l i n e  e a r t h  m e t a l s ;  
c r y p t a n d s  c o n t a i n i n g  n i t r o g e n  a t o m s  i n  t h e  b r i d g i n g  u n i t s  
p r e f e r  t h e  t r a n s i t i o n  m e t a l s .
C r y p t a n d s  h a v e  p r i m a r i l y  b e e n  s y n t h e s i z e d  by  t h e  
c y c l o c o n d e n s a t i o n  o f  a  d i a c i d  h a l i d e  w i t h  a  d i a m i n e ,  
f o l l o w e d  b y  r e d u c t i o n  t o  t h e  c y c l i c  d i a m i n e ,  a n d  t h e n  
c y c l o c o n d e n s a t i o n  a n d  r e d u c t i o n  o n c e  a g a i n  t o  a f f o r d  t h e  
d e s i r e d  c r y p t a n d .  The c y c l o c o n d e n s a t i o n s  a r e  p e r f o r m e d  
u n d e r  h i g h - d i l u t i o n  c o n d i t i o n s  a n d  t h e  y i e l d s  a r e  g e n e r a l l y  
v e r y  g o o d .
P r i o r  t o  o u r  w o r k  i n  t h e  c r y p t a n d  f i e l d  t h e r e  w e r e  
o n l y  a  f e w  e x a m p l e s  o f  c r y p t a n d s  c o n t a i n i n g  p y r i d i n o  
s u b u n i t s .  We e s s e n t i a l l y  d o u b l e d  t h e  n u m b e r  o f  c r y p t a n d s  
i n  t h i s  c a t e g o r y  c o n t a i n i n g  t h i s  s u b u n i t .  To a t t a i n  o u r  
t a r g e t  m o l e c u l e s  we u t i l i z e d  a l t e r n a t i v e  s c h e m e s :  o n  o n e
h a n d ,  " b r u t e "  f o r c e  r e a c t i o n s  w e r e  p e r f o r m e d  i n  w h i c h  a l l
s i x  b o n d s  w e r e  f o r m e d  i n  a  o n e - p o t  r e a c t i o n  a s  f o r  2 64  a n d  
2 7 6 . X - r a y  d i f f r a c t i o n  s t u d i e s  o f  t h e s e  m a c r o c y c l e s  
d e m o n s t r a t e  t h a t  b o t h  p o s s e s s  s o m e w h a t  u n u s u a l ,  b u t  n o t  
u n d u l y  s u r p r i s i n g ,  s t r u c t u r e s .  The  b r i d g e h e a d  n i t r o g e n
d o  n o t  e x h i b i t  a n y  u n u s u a l  s p e c t r a l  p r o p e r t i e s  t o  i n d i c a t e  
t h i s  t o  be t h e  c a s e  i n  s o l u t i o n .  H o w e v e r ,  t h e  4 - p y r i d y l  
p r o t o n  o f  2 7 6  e x h i b i t s  a n  u n u s u a l  c h e m i c a l  s h i f t  i n  t h e  
1h NMR s p e c t r u m  w h i c h  s h o w s  a l l  o f  t h e  p y r i d i n e  r i n g s  
t o  be e q u i v a l e n t  o n  t h e  NMR t i m e  s c a l e .  The  X - r a y  c r y s t a l  
a n a l y s i s  p r o v i d e s  some i n s i g h t  i n t o  t h i s  a b n o r m a l  c h e m i c a l  
s h i f t :  i n  t h e  s o l i d  s t a t e ,  o n e  o f  t h e  p y r i d i n e  r i n g s
o c c u p i e s  t h e  c a v i t y  c r e a t e d  b y  t h e  r e s t  o f  t h e  m o l e c u l e .  
T h a t  t h i s  i s  s o  s e e m s  q u i t e  r e a s o n a b l e  i n  r e t r o s p e c t ,  
s i n c e  i t  w o u l d  be  e n e r g e t i c a l l y  u n f a v o r a b l e  f o r  t h e  c a v i t y
t o  r e m a i n  a  v o i d .  264  c a n n o t  o c c u p y  i t s  own c a v i t y  d u e  t o  
t h e  r i g i d i t y  a s s o c i a t e d  w i t h  t h e  i m i d a t e  n a t u r e  o f  t n e  
h e t e r o a t o m s  w h i c h  a r e  s u b s t i t u t e d  d i r e c t l y  o n t o  t h e  
p y r i d i n e  n u c l e u s .  T h i s  s u b s t i t u t i o n  i s  a l s o  r e s p o n s i b l e  
f o r  t h e  p l a n a r i t y  o f  t h e  b r i d g e h e a d  n i t r o g e n  a t o m s .  I n
a t o m s  o f  264  a r e  s p 2 h y b r i d i z e d  i n  t h e  s o l i d  s t a t e ,  b u t
264 276
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s o l u t i o n  t h e  c a v i t y  o f  264  i s  p r o b a b l y  o c c u p i e d  b y  s o l v e n t  
m o l e c u l e s .
No c o m p l e x e s  h a v e  b e e n  f o r m e d  w i t h  2 6 4 , 2 7 6  f o r m s  
c o m p l e x e s  w i t h  c o b a l t ( I I )  a n d  c o p p e r ( I I )  c h l o r i d e  b u t  
c r y s t a l s  s u i t a b l e  f o r  X - r a y  a n a l y s i s  h a v e  b e e n  u n a t t a i n ­
a b l e .  A c a d m i u m ( I I )  c h l o r i d e  c o m p l e x  h a s  a l s o  b e e n  f o r m e d  
w i t h  2 7 6 , a n d  e l e m e n t a l  a n a l y s i s  i n d i c a t e s  t h a t  t h e r e  a r e  
t h r e e  c a d m iu m  i o n s  a s s o c i a t e d  w i t h  e a c h  c r y p t a n d  m o l e c u l e .
A q u a t e r n i z a t i o n - d e m e t h y l a t i o n  s e q u e n c e  w as  a l s o  
d e v e l o p e d  t o  o b t a i n  some o f  t h e  d e s i r e d  c r y p t a n d s .  A 
d i h a l i d e  w as  t r e a t e d  w i t h  a  d i a m i n e  t o  f o r m  a  m a c r o c y c l i c  
q u a t e r n a r y  ammonium s a l t  w h i c h  was  d e m e t h y l a t e d  w i t h  
L - S e l e c t r i d e ® ; r e p e t i t i o n  o f  t h e ,  q u a t e r n i z a t i o n  a n d  
d e m e t h y l a t i o n  a f f o r d e d  t h e  c r y p t a n d .  257  a n d  270  w e r e  
o b t a i n e d  b y  t h i s  r e a c t i o n  s e q u e n c e .  T h a t  no c o m p l e x e s  w e r e  
a c q u i r e d  f o r  t h e s e  tw o  c o m p o u n d s  w as  a s c r i b e d  t o  t h e  
i n a b i l i t y  o f  m a c r o c y c l e s  c o n t a i n i n g  h e t e r o a t o m s  d i r e c t l y  
s u b s t i t u t e d  o n  t h e  p y r i d i n e  r i n g  t o  f o r m  m e t a l  c o m p l e x e s .
I t  m u s t  b e  p o i n t e d  o u t  t h a t  f o r  2 5 7  a n d  2 7 0  t h e  g l y c o l
K H A ,  <c h 2 > „
2 57  n = 2
270 n=3
204
p o r t i o n  o f  t h e s e  c r y p t a n d s  s h o u l d  be  a b l e  t o  c o m p l e x  a l k a l i  
o r  a l k a l i n e  e a r t h  i o n s .
T h e  o b s e r v a t i o n  t h a t  p y r i d i n e  a n d  n a p h t h y r i d i n e  
c o m p o u n d s  w h i c h  h a v e  a  h e t e r o a t o m  d i r e c t l y  s u b s t i t u t e d  o n t o  
t h e  a r o m a t i c  r i n g  d o  n o t  f o r m  c o m p l e x e s  a t  a l l  i s  b e l i e v e d  
t o  be  d u e  t o  t h e  i m i d a t e  n a t u r e  o f  t h i s  s e c t i o n  o f  t h e  
m o l e c u l e .  T h i s  s u b s t i t u t i o n  r e s u l t s  i n  a  d i h e d r a l  a n g l e  o f  
e s s e n t i a l l y  0 ° w h i c h  i n  t u r n  p r o d u c e s  a  s t e r i c  e f f e c t :  t h e
a  p r o t o n s  a r e  f o r c e d  t o  o r i e n t  t h e m s e l v e s  i n s i d e  t h e  
c a v i t y ,  b l o c k i n g  t h e  p y r i d i n e  n i t r o g e n  f r o m  p a r t i c i p a t i n g  
i n  c o m p l e x a t i o n .  I n  a d d i t i o n ,  b e c a u s e  o f  t h e  r e s t r i c t e d  
d i h e d r a l  a n g l e ,  t h e  f r e e  e l e c t r o n s  o f  t h e  h e t e r o a t o m s  a r e  
p o i n t i n g  o u t s i d e  t h e  c a v i t y  a n d  a r e  a l s o  u n a v a i l a b l e  f o r  
c o m p l e x a t i o n .
I n  s u m m a r y ,  a n u m b e r  o f  f a c t o r s  i n f l u e n c e  c a t i o n  
s e l e c t i v i t y .  W i t h  r e g a r d  t o  t h e  l i g a n d ,  t h e r e  a r e  s e v e r a l  
s t r u c t u r a l  c o n s i d e r a t i o n s :  c a v i t y  s i z e ,  n a t u r e  a n d  n u m b e r
o f  c o o r d i n a t i o n  s i t e s ,  l i p o p h i l i c i t y ,  a n d  l i g a n d  
c o n f o r m a t i o n  a n d  f l e x i b i l i t y .  O t h e r  f a c t o r s  w h i c h  
i n f l u e n c e  c a t i o n  s e l e c t i v i t y  a n d  c o m p l e x  s t a b i l i t y  i n c l u d e  
t h e  r e a c t i o n  e n v i r o n m e n t  ( s o l v e n t  p o l a r i t y  a n d  t e m p e r a t u r e )
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a n d  t h e  c o u n t e r i o n .  As f a r  a s  t h e  c o u n t e r i o n  i s  c o n c e r n e d ,  
n u c l e o p h i l i c i t y  a n d  s t e r i c  b u l k  m u s t  be  c o n s i d e r e d .  O nce  
t h e s e  f a c t o r s  a r e  w e i g h e d  a l o n g  w i t h  t h e  c h a r g e  d e n s i t y  o f  
t h e  m e t a l  i o n ,  i t  i s  p o s s i b l e  t o  p r e d i c t  w h e t h e r  a  
p a r t i c u l a r  c o m p l e x  w i l l  f o r m  a n d ,  i f  s o ,  t h e  p r e f e r r e d  
s t o i c h i o m e t r y  t h e r e o f .
F u t u r e  w o r k  i n  t h e  a r e a  o f  t h e  a z a  m a c r o c y c l e s  s h o u l d  
i n c l u d e  m o d i f i c a t i o n  o f  t h e  c o r o n a n d  s i z e  t o  f o r m  c o m p o u n d s  
s u c h  a s  3 2 5  a n d  3 26  t o  s e e  i f  t h e y  W i l l  c o m p l e x  c o b a l t ( I I )  
a n d  c o p p e r ( I I )  c h l o r i d e  i n  t h e  sam e  f a s h i o n  a s  2 9 3 . I t  
w o u l d  a l s o  be  i n t e r e s t i n g  t o  a l t e r  t h e  n a t u r e  o f  t h e  
l i g a t i n g  a t o m s  a n d  i n v e s t i g a t e  t h e  t y p e s  o f  c o m p l e x e s ,  i f  
a n y ,  t h a t  a r e  f o r m e d .  I t  i s  m o re  t h a n  e v i d e n t  f r o m  t h e  
i n f o r m a t i o n  p r e s e n t e d  h e r e i n  t h a t  much w o r k  r e m a i n s  t o  be 
d o n e  w i t h  r e g a r d  t o  t h e  g e n e r a l  s t r u c t u r e  o f  t h e s e  t w o -  
d i m e n s i o n a l  l i g a n d s  a n d  t h e i r  c o m p l e x a t o n  p r o p e r t i e s .
A s  f a r  a s  t h e  p o l y c y c l i c  s y s t e m s  a r e  c o n c e r n e d ,  
f u r t h e r  w o r k  s h o u l d  a t t e m p t  t o  d e t e r m i n e  t h e  e x a c t  n a t u r e  
o f  t h e  c o m p l e x e s  t h a t  h a v e  b e e n  f o r m e d  w i t h  l i g a n d  2 7 6  a n d  
t h e  e f f e c t s  o n  i t s  c o m p l e x a t i o n  p r o p e r t i e s  o f  a l t e r i n g  t h e
3 2 5 3 2 6
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s t r u c t u r e  o f  t h i s  c r y p t a n d .  I t  i s  a l s o  e v i d e n t  t h a t  t h e s e  
s y s t e m s  p r e s e n t  a  g r e a t e r  o p p o r t u n i t y  f o r  s e l e c t i v e  m e t a l  
i o n  c o m p l e x a t i o n  t h a n  t h e  c o r o n a n d  s y s t e m s .  A l t h o u g h  g r e a t  
s t r i d e s  h a v e  b e e n  made  i n  s t u d y i n g  l i g a n d  d e s i g n  v e r s u s  
c o m p l e x a t i o n  p r o p e r t i e s ,  t h e  s u r f a c e  h a s  o n l y  b e e n  
s c r a t c h e d .  The  d i v e r s e  a r c h i t e c t u r e  t h a t  c h a r a c t e r i z e s  
t h e s e  s y s t e m s  o f f e r s  t h e  o p p o r t u n i t y  f o r  s i g n i f i c a n t  
c o n t r o l  o v e r  t h e  c o m p l e x i n g  a b i l i t i e s  o f  t h e s e  m a c r o c y c l e s .  
T h e  d e s i g n  a n d  s y n t h e s i s  o f  new a n d  v a r i e d  c r y p t a n d s  a n d  
s t u d i e s  o f  t h e i r  c o m p l e x a t i o n  p r o p e r t i e s  o f f e r s  a  u n i q u e  
c h a l l e n g e  t o  c h e m i s t s ,  t h e  u l t i m a t e  g o a l  b e i n g  t h e  
s y n t h e s i s  o f  m o l e c u l e s  w h i c h  w o u l d  r i v a l  b i o l o g i c a l  s y s t e m s  
i n  t h e i r  c o m p l e x a t i o n  s e l e c t i v i t i e s .
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H.  C.  R . ; F r o n c z e k ,  F .  R . ; D e l o r d ,  T .  J . ;  K o h l i ,
D .  K.  J .  Am. C h e m. S o c . 1 9 8 1 , 1 0 3 , 7 3 7 6 .
V i J g t l e ,  F . ;  S i e g e r ,  H . ;  M U l l e r ,  W. M . ;  " T o p i c s  
i n  C u r r e n t  C h e m i s t r y " ,  B o s c h k e ,  F .  L . ,  E d . ;  
S p r i n g e r - V e r l a g : Newk Y o r k ,  1 9 8 1 ;  V o l .  9 8 ,
p . 109.
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1 9 6 .  P r i v a t e  c o m m u n i c a t i o n  w i t h  P r o f e s s o r  F .  V t t g t l e
( 1 9 8 1 ) .
1 9 7 .  N ewkome ,  G.  R . ; P a n t a l e o ,  D.  C . ;  P u c k e t t ,  W. E . ;
Z i e f l e ,  P .  L . ;  D e u t s c h ,  W. A. J .  I n o r g . N u c l . 
Chem.  1 9 8 1 ,  4 3 ,  1 5 2 9 .
A p p e n d i x  I  
X - R a y  D a t a
225
226
C r y s t a l  d a t a  f o r  2 9 5  [CoC H N ] [ C o C l . ] f F W = 6 4 2 . 2 ,  
— 1-------------------  =  22 34 6 4
m o n o c l i n i c  s p a c e  g r o u p  P 2 - | / n ,  ^ = 9 . 9 4 4 ( 3 ) ,  ]d= 1 7 . 2 1 4 ( 4 ) ,  
c = 1 6 . 3 4 7 ( 4 ) A ,  0 = 9 4 . 3 2 ( 2 ) ° ,  Z=4 ,  d c = 1 . 5 2 9  g e m- 3 ,
^(MoKa ) = 1 6 . 0  cm“ 1 ,  R = 0 . 0 4 2  f o r  1738  o b s e r v e d  d a t a .
Bond D i s t a n c e s f o r  295
A t o m s D i s t a n c e
o
A A t o m s
ft
D i s t a n c e  A
C o 2 - C l 1 2 . 2 8 7 ( 2 ) N6- C20 1 . 4 6 9 ( 8 )
C o 2 - C 1 2 2 . 2 8 3 ( 2 ) N6-C21 1 . 4 8 6 ( 9 )
C o 2 - C 1 3 2 . 2 8 8 ( 2 ) N 6 - C2 2 1 . 4 9 0 ( 8 )
C o 2 - C l 4 2 . 2 7 0 ( 2 ) C1 - C2 1 . 3 7 1  ( 9 )
N1-C1 1 . 3 5 1 ( 8 ) C1 - C2 2 1 - 4 98  C1 0 )
N 1 - C5 1 . 3 2 7 ( 8 ) C2- C3 1 . 3 7 4 ( 1 1  )
N2-C6 1 . 4 6 9 ( 9 ) C3- C4 1 . 3 5 8 ( 1 1 )
N2- C7 1 . 4 9 7 ( 9 ) C4 - C5 1 . 3 8 9 ( 9 )
N 2 - C 8 1 . 4 8 7 ( 9 ) C5 - C6 1 . 4 8 7 ( 1 0 )
N3 - C9 1 . 4 7 5 ( 9 ) C8 - C9 1 . 4 9 5 ( 10)
N 3 - C 1 0 1 . 4 8 1 ( 9 ) C 1 1 - C 1 2 1 . 5 0 4 ( 1 0 )
N 3 - C 1 1 1 . 5 1 0 ( 9 ) C 1 2 - C 1 3 1 . 3 8 1 ( 1 0 )
N 4 - C 1 2 1 . 3 3 3 ( 8 ) C 1 3 - C 1 4 1 . 3 6 5 ( 1 1 )
227
N 4-C 16
N 5 - C 1 7
N 5 - C 1 8
N 5 - C 1 9
A t o m s  
C l 1- C o 2 - C 1 2  
C l 1- C o 2 - C l 3  
C 1 1 - C 0 2 - C 1 4  
C l 2 - C o 2 - C 1 3  
C 1 2 - C o 2 - C 1 4  
C 1 3 - C o 2 - C l 4  
C o l - N l - C l  
C o l - N l - C S  
C 1 - N 1 - C 5  
C o l - N 2 - C 6  
C o l - N 2 - C 7  
C o l - N 2 - C 8  
C 6 - N 2 - C 7  
C 6 - N 2 - C 8  
C 7 - N 2 - C 8  
C o l - N 3 - C 9  
C o l - N 3 - C l 0  
C o l - N 3 - C 1 1
1 . 3 5 0 ( 8 )
1 . 4 6 8 ( 9 )
1 . 4 8 7 ( 9 )
1 . 4 9 3 ( 9 )
Bond  A n g l e s
A n g l e  °
1 0 9 . 0 ( 1 )  
1 0 7 . 1 ( 1 )
1 0 9 . 0 ( 1  ) 
1 1 0 . 1 ( 1 )
1 1 1 . 1(1 )
1 1 0 . 5 ( 1 )  
1 1 9 . 7 ( 4 )  
1 1 9 . 6 ( 4 )  
1 2 0 . 7 ( 6 )
1 0 7 . 1 ( 4 )  
1 1 7 . 6 ( 5 )  
1 0 3 . 4 ( 4 )  
1 0 9 . 5 ( 6 )  
1 0 9 . 2 ( 5 )  
1 0 9 . 6 ( 6 )  
1 0 2 . 9 ( 4 )  
1 1 8 . 6 ( 4 )  
1 0 7 . 7 ( 5 )
C 14-C 15
C 1 5 - C 1 6
C 1 6 - C 1 7
C 1 9 - C 2 0
o f  2 9 5
A to ms  
C o l - N 6 - C 2 1  
C o l - N 6 - C 2 2  
C 2 0- N 6 - C 2 1  
C 2 0 - N 6 - C 2 2  
C 2 1 - N 6 - C 2 2  
N 1 - C 1 - C 2  
N 1 - C 1 - C 2 2  
C 2 - C 1 - C 2 2  
C 1 - C 2 - C 3  
C 2 - C 3 - C 4  
C 3 - C 4 - C 5  
N 1 - C 5 - C 4  
N 1 - C 5 - C 6  
C 4 - C 5 - C 6  
N 2 - C 6 - C 5  
N 2 - C 8 - C9 1  
N 3 - C 9 - C 8  
N 3 - C 1 - C 1 2
1 . 3 8 4 ( 1 2 )  
1 . 3 6 6 ( 1 0 )  
1 . 5 0 3 (  1 0 ) 
1 . 5 0 9 ( 1 0 )
A n g l e  0 
1 1 7 . 2 ( 4 )  
1 0 7 . 5 ( 4 )  
1 0 8 . 6 ( 5 )  
1 1 0 . 6 ( 5 )  
1 0 9 . 5 ( 5 )  
1 2 0 . 0 ( 6 ) 
1 1 5 . 1 ( 6 )  
1 2 4 . 8 ( 7 )  
1 1 9 . 1 ( 7 )  
1 2 1 . 1 ( 7 )  
1 1 7 . 7 ( 7 )  
1 2 1 . 5 ( 7 )  
1 1 5 . 5 ( 6 )  
1 2 3 . 0 ( 7 )  
1 1 2 . 1 ( 6 ) 
1 1 0 . 9 ( 6 )  
1 1 0 . 7 ( 6 )  
1 0 9 . 3 ( 6 )
228
C 9 - N 3 - C 1 0  
C 9 - N 3 - C 1 1 
C 1 0 - N 3 - C 1 1 
C o l - N 4 - C 1 2  
C o l - N 4 - C 1 6 
C 1 2 - N 4 - C 1 6  
Co 1 - N 5 - C 1 7  
C o l - N 5 - C 1 8  
C o l - N 5 - C 1 9 
C 1 7 - N 5 - C 1 8  
C l 7 - N 5 - C 1 9 
C 1 8 - N 5 - C 1 9  
C o l - N 6 - C 2 0
Atom 
C o l  
Co2 
C11 
C l  2 
C13 
C14 
N 1 
N2 
N3
1 0 9 . 1 ( 5 )
1 0 9 . 1 ( 5 )  
1 0 9 . 0 ( 6 )  
1 1 9 . 9 ( 5 )  
1 1 9 . 3 ( 5 )  
1 2 0 . 7 ( 6 )  
1 0 7 . 8 ( 4 )  
1 1 6 . 8 ( 5 )  
1 0 3 . 8 ( 4 )  
1 1 0 . 3 ( 6 )  
1 0 9 . 2 ( 5 )  
1 0 8 . 6 ( 5 )  
1 0 3 . 4 ( 4 )
C o o r d i n a t e s
x
0 . 2 4 8 6 ( 1 )  
0 . 2 7 3 2 ( 1 )  
0 . 3 8 6 3 ( 2 )  
0 . 4 1 1 6 ( 2 )  
0 . 7 1 8 8 ( 3 )  
0 . 5 8 3 9 ( 3 )  
0 . 4 2 3 1 ( 6 )  
0 . 2 6 0 3 ( 7 )  
0 . 3 1 4 7 ( 6 )
N 4 - C 1 2 - C 1 1 
N 4 - C 1 2 - C 1 3 
C 1 1 - C 1 2 - C 1 3  
C 1 2 - C 1 3 - C 1 4  
C 1 3 - C 1 4 - C 1 5  
C 1 4 - C 1 5 - C 1 6  
N 4 - C 1 6 - C 1 5  
N 4 - C 1 6 - C 1 7  
C 1 5 - C 1 6 - C 1 7  
C 1 6 - C 1 7 - N 5  
N 5 - C 1 9 - C 2 0  
N 6 - C 2 0 - C 1 9 
N 6 - C 2 2 - C 2 1
f o r  2 9 5
Z
0 . 0 3 5 8 9 ( 7 )
0 . 2 2 8 6 0 ( 7 )
0 . 2 0 5 6 ( 1 )
0 . 2 0 0 0 ( 1 )
0 . 1 4 2 3 ( 2 )
0 . 3 4 5 6 ( 2 )
0 . 0 9 2 6 ( 4 )
0 . 1 3 1 7 ( 4 )
-0.0358(4)
1 1 6 . 4 ( 6 )  
1 2 0 . 7 ( 7 )  
1 2 2 . 9 ( 7 )  
1 1 8 . 4 ( 7 )  
1 2 1 . 2 ( 7 )  
1 1 7 . 9 ( 7 )  
1 2 1 . 1 ( 7 )  
1 1 4 . 7 ( 6 )  
1 2 4 . 1 ( 7 )  
1 1 1 . 1 ( 6 ) 
1 1 1 . 0 ( 5 )  
1 1 1 . 8 ( 5 )  
1 0 9 . 9 ( 6 )
0 . 7 3 4 6 4 ( 6 )
0 . 0 9 9 1 8 ( 8 )
0 . 2 2 3 9 ( 1 )
- 0 . 0 0 2 0 ( 1 )
0 . 5 9 5 1 ( 2 )
0 . 5 8 7 7 ( 2 )
0 . 7 7 3 7 ( 4 )
0 . 6 4 3 2 ( 4 )
0.6308(4)
0.0770(6)
0 . 0 9 6 6 ( 7 )
0 . 3 2 1 7 ( 6 )
0 . 5 0 8 7 ( 8 )
0 . 6 2 3 4 ( 8 )
0 . 6 4 9 9 ( 9 )
0 . 5 4 4 4 ( 8 )
0 . 4 4 8 2 ( 8 )
0 . 3 4 3 1 ( 9 )
0 . 1 3 0 3 ( 9 )
0 . 3 3 4 9 ( 9 )
0 . 2 8 5 7 ( 9 )
0 . 4 5 7 2 ( 1 0 )
0 . 2 2 4 3 ( 9 )
0 . 0 8 5 3 ( 9 )
- 0 . 0 2 8 7 ( 9 )
- 0 . 1 4 9 1 ( 1 0 )
- 0 . 1 5 8 2 ( 9 )
- 0 . 0 4 2 5 ( 8 )
- 0 . 0 3 7 3 ( 8 )
0 . 1 1 4 1 ( 1 0 )
0 . 1 0 9 7 ( 8 )
0 . 2 5 5 9 ( 8 )
0 . 2 8 7 9 ( 1 0 )
0.4700(8)
-0.0234(4)
0 . 0 8 0 5 ( 4 )
- 0 . 0 3 0 0 ( 4 )
0 . 0 5 9 9 ( 5 )
0 . 0 9 8 6 ( 6 )
0 . 1 7 0 3 ( 6 )
0 . 2 0 3 1 ( 5 )
0 . 1 6 2 3 ( 5 )
0 . 1 9 3 6 ( 5 )
0 . 1 6 5 3 ( 6 )
0 . 0 9 5 9 ( 5 )
0 . 0 1 5 2 ( 5 )
- 0 . 0 6 1 3 ( 6 )
- 0 . 1 0 6 3 ( 5 )
- 0 . 0 8 4 6 ( 5 )
- 0 . 1 2 6 3 ( 5 )
- 0 . 1 0 4 7 ( 6 )
- 0 . 0 4 1 6 ( 6 )
- 0 . 0 0 1 8 ( 5 )
0 . 0 7 0 4 ( 6 )
0 . 1 6 1 8 ( 5 )
0 . 0 2 7 3 ( 5 )
0 . 0 0 9 7 ( 5 )
- 0 . 1 1 4 0 ( 5 )
-0.0201(5)
0 . 6 9 4 4 ( 4 )  
0 . 8 1 6 1 ( 4 )  
0 . 8 4 7 2 ( 4 )  
0 . 8 3 2 0 ( 5 )  
0 . 8 6 0 4 ( 6 )  
0 . 8 2 8 3 ( 6 )  
0 . 7 6 9 5 ( 5 )  
0 . 7 4 3 0 ( 5 )  
0 . 6 8 3 1 ( 6 )  
0 . 6 0 6 9 ( 6 )  
0 . 5 7 7 3 ( 5 )  
0 . 5 5 9 1 ( 5 )  
0 . 6 3 3 2 ( 6 )  
0 . 6 2 2 4 ( 6 )  
0 . 6 4 5 1 ( 5 )  
0 . 6 1 8 9 ( 5 )  
0 . 6 4 7 0 ( 6 )  
0 . 6 9 8 7 ( 6 )  
0 . 7 2 1 3 ( 5 )  
0 . 7 7 3 1 ( 6 )  
0 . 8 4 5 6 ( 6 )  
0 . 8 8 8 4 ( 5 )  
0 . 9 1 2 9 ( 5 )  
0 . 8 4 9 7 ( 6 )  
0 . 8 5 8 2 ( 5 )
1 0
C r y s t a l  d a t a  f o r  2 9 6  [CuC H N ] [ CuCl  ] *2 H 0 ,
— *-------------------    22  34 6 4 2
F W = 6 8 7 . 5 ,  m o n o c l i n i c  s p a c e  g r o u p  P 2 - | / c ,  a = 1 5 . 4 6 7 ( 4 ) ,  
b = 1 1 . 2 8 7 ( 9 ) ,  c = 1 7 . 4 5 9 ( 5 ) A ,  £ = 1 0 6 . 4 5 ( 2 ) 0 ,  Z=4 ,  d c = 1 . 5 6 2  
gcm“ 3 ,  /l (MoKa ) = 1 9 . 1  c m " ^ ,  R = 0 . 0 3 7  f o r  1 8 2 7  o b s e r v e d  
d a t a .
Bond  D i s t a n c e s  o f  2 9 6
A t o m s D i s t a n c e  A A t o m s D i s t a n c e  A
CU2-C11 2 . 2 4 8 ( 2 ) N 6 - C2 0 1 . 4 8 0 ( 8 )
C u 2 - C 1 2 2 . 2 2 6 ( 2 ) N6-C21 1 . 4 6 4 ( 9 )
C u 2 - C 1 3 2 . 2 5 0 ( 2 ) N 6- C2 2 1 . 4 7 7 ( 8 )
Cu2~C14 2 . 2 5 4 ( 2 ) C1- C2 1 . 3 9 3 ( 9 )
W1-C1 1 . 3 2 8 ( 7 ) C1 - C2 2 1 . 5 1 4 ( 9 )
N1- C5 1 . 3 7 0 ( 8 ) C2 - C3 1 . 3 6 6 ( 9 )
N2 - C6 1 . 4 4 8 ( 9 ) C3 - C4 1 . 3 5 3 ( 1 0 )
N2 - C7 1 . 4 7 0 ( 9 ) C 4 - C5 1 . 3 7 3 ( 9 )
N2 - C8 1 . 4 7 6 ( 8 ) C 5 - C6 1 . 4 8 7 ( 1 0 )
N3- C9 1 . 4 9 2 ( 9 ) C8 - C9 1 . 4 8 1 ( 1 0 )
N 3 - C1 0 1 . 4 6 6 ( 1 0 ) C 1 1 - C 1 2 1 . 5 1 1 ( 1 1 )
N 3 - C 1 1 1 . 4 6 5 ( 1 0 ) C 1 2 - C 1 3 1 . 3 6 4 ( 1 0 )
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N4-C12
N 4 - C 1 6
N 5 - C 1 7
N 5 - C 1 8
N 5 - C 1 9
A t o m s  
C l 1- C u 2 - C 1 2  
C l 1- C u 2 - C 1 3  
C l 1- C u 2 - C 1 4  
C 1 2 - C U 2 - C 1 3  
C 1 2 - C U 2 - C 1 4  
C 1 3 - C U 2 - C 1 4  
C u1 - N1 -C 1  
Cu 1 - N 1 - C 5  
C 1 - N 1 - C 5  
C u l - N 2 - C 6  
C u l - N 2 - C 7  
C u l - N 2 - C 8  
C 6 - N 2 - C 7  
C 6 - N 2 - C 8  
C 7 - N 2 - C 8  
C u l - N 3 - C 9  
C u l - N 3 - C 1 0
1.326(9)
1 . 3 2 8 ( 8 )
1 . 4 8 6 ( 9 )
1 . 4 7 5 ( 1 0 )
1 . 4 5 9 ( 9 )
9 6 . 9 ( 1 )  
1 3 2 . 5 ( 1 )  
1 0 1 . 1 ( 1 ) 
9 9 . 9 ( 1 )  
1 3 3 . 0 ( 1  ) 
9 9 . 2 ( 1 )  
1 2 0 . 5 ( 4 )  
1 1 9 . 2 ( 4 )  
1 2 0 . 3 ( 5 )  
1 0 4 . 5 ( 4 )  
1 1 8 . 1 ( 5 )  
1 0 1 . 9 ( 4 )  
1 1 1 . 6 ( 6 ) 
1 1 0 . 4 ( 6 )  
1 0 9 . 9 ( 6 )  
1 0 4 . 1 ( 4 )  
1 1 7 . 3 ( 5 )
C13-C14
C 1 4 - C 1 5
C 1 5 - C 1 6
C 1 6 - C 1 7
C 1 9 - C 2 0
A t o m s  
C u l - N 6 - C 2 1  
C u l - N 6 - C 2 2  
C2 0 -N 6 - C2 1  
C 2 0 - N 6 - C 2 2  
C 2 1 - N 6 - C 2 2  
N 1 - C 1 - C 2  
N 1 - C 1 - C 2 2  
C 2 - C 1 - C 2 2  
C 1 - C 2 - C 3  
C 2 - C 3 - C 4  
C 3 - C 4 - C 5  
N 1 - C 5 - C 4  
N 1 - C 5 - C 6  
C 4 - C 5 - C 6  
N 2 - C 6 - C 5  
N 2 - C 8 - C 9  
N 3 - C 9 - C 8
Bond A n g l e s  f o r  296  
A n g l e  0
1 . 3 6 6 ( 13)  
1 . 3 6 2 ( 1 3 )  
1 . 4 0 4 ( 1 0 )  
1 . 4 6 6 ( 1 0 )  
1 . 5 0 5 ( 1 0 )
A n g l e  ° 
1 1 8 . 9 ( 4 )  
1 0 5 . 7 ( 4 )  
1 1 0 . 4 ( 5 )  
1 0 8 . 9 ( 5 )  
1 0 9 . 9 ( 5 )  
1 2 0 . 8 ( 6 ) 
1 1 6 . 8 ( 5 )  
1 2 2 . 3 ( 6 )  
1 1 9 . 0 ( 6 )  
1 1 9 . 9 ( 6 )  
1 2 0 . 6 ( 7 )  
1 1 9 . 5 ( 6 )  
1 1 5 . 8 ( 6 )  
1 2 4 . 7 ( 7 )  
1 1 2 . 4 ( 6 )  
1 1 7 . 7 ( 6 )  
1 1 1 . 4 ( 6 )
232
C u l - N 3 - C 1 1 
C 9 - N 3 - C 1 0 
C 9 - N 3 - C 1 1 
C 1 0 - N 3 - C 1 1 
C U 1 -N 4 -C 1 2  
C u l - N 4 - C 1 6  
C 12 - N 4 - C 1 6 
C u l - N 5 - C 1 7 
C u l - N 5 - C 1 8  
C u l - N 5 - C 1 9 
C 1 7 - N 5 - C 1 8  
C l 7 - N 5 - C 1 9  
C 1 8 - N 5 - C 1 9  
C u l - N 6 - C 2 0
Atom
Cu1
Cu2
C11
C12
C13
C14
01
02
1 0 5 . 6 ( 5 )
1 1 0 . 1 ( 6 )
1 0 9 . 2 ( 6 }
1 1 0 . 1 ( 6 )
1 2 0 . 3 ( 5 )
1 1 9 . 2 ( 5 )
1 2 0 . 4 ( 6 )
1 0 5 . 5 ( 4 )
1 1 7 . 1 ( 5 )
1 0 3 . 2 ( 4 )
1 0 9 . 0 ( 7 )
1 1 1 . 1 ( 6 ) 
1 1 0 . 8 ( 6 )
1 0 2 . 4 ( 4 )
C o o r d i n a t e s
x
0 . 7 4 8 7 8 ( 5 }  
0 . 6 9 9 1 7 ( 6 )  
0 . 6 6 7 9 ( 2 )  
0 . 6 0 6 1  (1 ) 
0 . 6 6 8 4 (  1 )
0 .  1 4 9 4 (  1 )
0 . 1 9 0 4 ( 5 )  
0 . 0 9 4 2 ( 5 )
N 3 - C 1 1 - C 1 2  
N 4 - C 1 2 - C 1 1 
N 4 - C 1 2 - C 1 3  
C 1 1 - C 1 2 - C 1 3  
C 1 2 - C 1 3 - C 1 4  
C 1 3 - C 1 4 - C 1 5  
C 1 4 - C 1 5 - C 1 6  
N 4 - C 1 6 - C 1 5  
N 4 - C 1 6 - C 1 7  
C 1 5 - C 1 6 - C 1 7 
C 1 6 - C 1 7 - N 5  
N 5 - C 1 9 - C 2 0  
N 6 - C 2 0 - C 1 9  
N 6 - C 2 2 - C 2 1
f o r  296
Z  
0 . 2 0 1 2 0 ( 8 )
0 . 6 9 0 5 9 ( 9 )
0 . 7 0 8 8 ( 2 )
0 . 5 4 0 1 ( 2 )
0 . 8 0 5 8 ( 2 )
0 . 2 9 3 0 ( 2 )
0 . 2 7 6 9 ( 7 )
0.4228(7)
1 1 0 . 2 ( 6 ) 
1 1 5 . 2 ( 6 )  
1 2 2 . 6 ( 8 ) 
1 2 2 . 3 ( 8 )  
1 1 7 . 6 ( 8 )  
1 2 1 . 3 ( 8 )  
1 1 8 . 0 ( 8 )  
1 2 0 . 1 ( 7 )  
1 1 6 . 4 ( 6 )  
1 2 3 . 3 ( 8 )  
1 1 0 . 6 ( 6 ) 
1 1 2 . 4 ( 6 )  
1 1 0 . 1 ( 5 )  
1 1 0 . 1 ( 5 )
z
0 . 5 9 2 9 2 ( 4 )  
0 . 3 9 7 2 4 ( 5 )  
0 . 5 1 4 8 ( 1 )
0 . 3 5 0 7 ( 1 )  
0 . 2 8 7 7 ( 1 )  
0 . 5 6 4 0 (  1 ) 
0 . 3 1 5 3 ( 4 )  
0 . 1 7 6 7 ( 5 )
0 . 6 6 0 3 ( 3 )  
0 . 8 1 8 3 ( 4 )  
0 . 8 5 3 2 ( 4 )  
0 . 8 3 8 5 ( 4 )  
0 . 6 8 6 3 ( 4 )  
0 . 6 3 7 8 ( 3 )  
0 . 5 9 2 6 ( 4 )  
0 . 5 2 9 6 ( 4 )  
0 . 5 3 7 6 ( 4 )  
0 . 6 0 6 1 ( 5 )  
0 . 6 6 8 3 ( 4 )  
0 . 7 7 4 8 ( 5 )  
0 . 8 7 9 7 ( 6 )  
0 . 8 6 8 8 ( 5 )  
0 . 9 1 7 3 ( 5 )  
0 . 8 2 1 9 ( 6 )  
0 . 8 9 8 6 ( 5 )  
0 . 9 0 4 4 ( 5 )  
0 . 9 7 2 4 ( 6 )  
0 . 9 7 0 0 ( 6 )  
0 . 9 0 2 9 ( 5 )  
0 . 8 3 5 3 ( 5 )  
0 . 7 6 2 6 ( 5 )  
0 . 6 3 0 9 ( 6 )  
0 . 6 3 2 1 ( 5 )  
0 . 5 7 7 4 ( 5 )
0 . 1 9 5 9 ( 5 )  
0 . 0 7 7 4 ( 5 )  
0 . 3 2 7 7 ( 5 )  
0 . 2 0 1 5 ( 5 )  
0 . 0 7 9 9 ( 5 )  
0 . 3 2 5 9 ( 5 )  
0 . 2 7 2 8 ( 6 )  
0 . 2 6 8 5 ( 7 )  
0 . 1 8 2 8 ( 7 )  
0 . 1 0 3 9 ( 7 )  
0 . 1 0 9 7 ( 7 )  
0 . 0 2 6 0 ( 8 )  
- 0 . 0 1 4 1 ( 8 )  
0 . 1 6 2 4 ( 7 )  
0 . 2 5 0 9 ( 8 )  
0 . 4 2 5 1 ( 8 )  
0 . 3 7 4 9 ( 8 )  
0 . 2 8 0 8 ( 7 )  
0 . 2 7 8 2 ( 9 )  
0 . 1 9 1 0 ( 1 0 )  
0 . 1 0 8 7 ( 8 )  
0 . 1 1 6 5 ( 7 )  
0 . 0 2 9 3 ( 7 )  
- 0 . 0 1 7 7 ( 8 )  
0 . 1 5 9 1 ( 7 )  
0 . 2 4 4 6 ( 7 )
0.4852(3)
0 . 5 2 3 4 ( 3 )
0 . 5 7 4 8 ( 4 )
0 . 6 9 9 7 ( 3 )
0 . 6 6 1 6 ( 3 )
0 . 6 0 7 5 ( 3 )
0 . 4 6 5 6 ( 4 )
0 . 3 9 0 7 ( 4 )
0 . 3 3 7 9 ( 4 )
0 . 3 5 8 7 ( 4 )
0 . 4 3 2 5 ( 4 )
0 . 4 6 1 6 ( 4 )
0 . 5 6 8 3 ( 5 )
0 . 4 8 8 2 ( 4 )
0 . 5 4 7 6 ( 4 )
0 . 5 1 8 2 ( 5 )
0 . 6 5 4 2 ( 6 )
0 . 7 1 7 0 ( 5 )
0 . 7 8 6 6 ( 5 )
0 . 8 4 0 2 ( 5 )
0 . 8 2 4 4 ( 4 )
0 . 7 5 1 4 ( 4 )
0 . 7 2 5 2 ( 4 )
0 . 6 1 7 2 ( 6 )
0 . 6 9 5 3 ( 5 )
0.6345(4)
234
C21 0 . 6 6 2 6 ( 6 )  0 . 4 2 6 9 ( 8 )  0 . 6 6 1 9 ( 4 )
C22 0 . 5 9 0 9 ( 5 )  0 . 3 6 7 9 ( 6 )  0 . 5 2 6 2 ( 4 )
s
C r y s t a l  d a t a  f o r  C H NS , MW=289 . 5 ,  m o n o c l i n i c  s p a c e  — z-------------------  11 15 4
g r o u p  P 2 - | / c ,  < 1 = 9 . 8 3 5 ( 2 ) ,  b = 8 . 0 6 8 ( 1 ) ,  _c=1 7 .  561 ( 3 )A,
0 = 1 0 0 . 9 4 (  1 ) ° ,  Z = 4 , d c =1 . 4 0 5  g e m- 3 . R = 0 . 0 3 7  f o r  
1697  o b s e r v e d  d a t a  m e a s u r e d  w i t h  M(MoKa ) r a d i a t i o n .
Bond D i s t a n c e s f o r  2 88
A t o m s
6
D i s t a n c e  A A t o m s
Q
D i s t a n c e  A
N1-C1 1 . 3 3 5 ( 3 ) C 9 - S 3 1 . 7 6 5 ( 3 )
N1- C5 1 . 3 3 8 ( 3 ) S 3 - C 1 0 1 . 8 3 4 ( 4 )
C 1 - S 4 1 . 7 6 1 ( 2 ) C10- C11 1 . 5 1 8 ( 4 )
C 1 - C 2 1 . 3 9 0 ( 3 ) C l 1 - S 4 1 . 8 0 6 ( 3 )
C 2 - C3 1 . 3 5 4 ( 5 ) S 1 - C 6 ’ 1 . 7 6 7  C11)
C 3 - C4 1 . 3 7 0 ( 4 ) C 6 ' - C 7 ' 1 . 5 0 6 (  13)
C 4 - C 5 1 . 3 8 4 ( 3 ) C 7 ' - S 2 1 . 9 1 6 ( 1 1 )
C5 - S1 1 . 7 6 9 ( 2 ) C 2 - C 8 1 1 . 7 2 8 ( 8 )
S 1 - C 6 1 . 8 6 4 ( 4 ) C8 '  - C9  * 1 . 5 4 1 ( 1 2 )
C 6 - C 7 1 . 4 9 8 ( 5 ) C 9 1- S 3 1 . 8 2 2 ( 1 1 )
C 7 - S 2 1 . 7 9 0 ( 4 ) C 3 - C 1 0 1 1 . 9 0 4 ( 1 1 )
S 2 - C 8 1 . 8 2 1 ( 4 ) C I O ' - C I I ' 1 . 4 6 5 ( 15)
C 8 - C 9 1 . 4 9 5 ( 5 ) C 1 1 1- S 4 1 . 9 3 9 ( 1 2 )
Bond  A n g l e s O f  2 88
A t o m s A n g l e  0 A t o m s A n g l e  °
C 1 - K 1 - C 5 1 1 6 . 7 ( 2 ) C 8 - C 9 - S 3 1 1 3 . 3 ( 3 )
N 1 - C 1 - C 2 1 2 3 . 1 ( 2 ) C 9 - S 3 - C 1 0 1 0 1 . 4 ( 2 )
N 1 - C 1 - S 4 1 2 0 . 6 ( 2 ) S 3 - C 1 0 - C 1 1 1 1 1 . 1 ( 2 )
C 2 - C 1 - S 4 1 1 6 . 3 ( 2 ) C 1 0 - C 1 1 - S 4 1 1 0 . 4 ( 2 )
C 1 - C 2 - C 3 1 1 8 . 7 ( 3 ) C 1 1 - S 4 - C 1 1 0 5 . 3 ( 1 )
C 2 - C 3 - C 4 1 2 0 . 0 ( 3 ) C 5 - S 1 - C 6 ' 1 0 4 . 4 ( 3 )
C 3 - C 4 - C 5 1 1 8 . 0 ( 3 ) s i - c e ' - c ? ' 1 0 7 . 2 ( 7 )
C 4 - C 5 - N 1 1 2 3 . 6 ( 2 ) C 6 ' - C 7 ' - S 2 1 1 1 . 5 ( 7 )
C 4 - C 5 - S 1 1 1 5 . 9 ( 2 ) C 7 ’ - S 2 - C 8 1 9 7 . 8 ( 4 )
N 1 - C 5 - S 1 1 2 0 . 4 ( 2 ) S 2 - C 8 ' - C 9 ’ 1 1 1 . 4 ( 6 )
C 5 - S 1 - C 6 1 0 3 . 7 ( 1 ) C 8 ' - C 9 ' - S 3 1 1 5 . 6 ( 7 )
S 1 - C 6 - C 7 1 1 0 . 7 ( 2 ) C 9 1- S 3 - C 1 0 ' 1 0 1 . 3 ( 4 )
C 6 - C 7 - S 2 1 1 1 . 9 ( 3 ) S 3 - C 1 0 ' - C 1 1 ' 1 0 0 . 5 ( 7 )
C 7 - S 2 - C 8 1 0 3 . 1 ( 2 ) C I O ' - C I I ' - S 4 1 0 6 . 2 ( 8 )
S 2 - C 8 - C 9 1 1 4 . 1 ( 3 ) C 1 1 ' - S 4 - C 1 1 0 2 . 4 ( 3 )
C o o r d i n a t e s f o r  2 88
At om X Z z
S1 0 . 9 1 2 2 8 ( 9 ) 0 . 2 9 2 1 ( 1 ) 0 . 0 2 8 7 9 ( 5 )
236
S2 0 . 9 2 6 6 1 ( 8 ) - 0 . 0 5 7 2 ( 1 ) 0 . 2 2 3 4 8 ( 4 )
S3 0 . 6 1 7 4 6 ( 9 ) - 0 . 4 1 0 5 ( 1 ) 0 . 1 0 4 8 0 ( 5 )
S4 0 . 5 7 5 0 4 ( 9 ) - 0 . 1 7 6 1 ( 1 ) - 0 . 1 2 4 5 0 ( 4 )
N 1 0 . 7 4 0 6 ( 2 ) 0 . 0 6 7 0 ( 3 ) 0 . 0 5 3 6 ( 1 )
C l 0 . 6 6 2 3 ( 2 ) 0 . 0 1 5 3 ( 4 ) - 0 . 1 1 9 ( 1 )
C2 0 . 6 4 4 2 ( 3 ) 0 . 1 0 6 3 ( 4 ) - 0 . 1 8 8 2 ( 1 )
C3 0 . 7 0 9 9 ( 3 ) 0 . 2 5 3 0 ( 5 ) - 0 . 1 8 8 0 ( 2 )
C4 0 . 7 9 2 3 ( 3 ) 0 . 3 1 0 3 ( 4 ) - 0 . 1 2 1 3 ( 2 )
C5 0 . 8 0 3 9 ( 2 ) 0 . 2 1 3 4 ( 3 ) - 0 . 0 5 5 4 ( 1 )
C6 0 . 8 5 7 9 ( 3 ) 0 . 1 7 4 0 ( 5 ) 0 . 1 0 9 2 ( 2 )
C7 0 . 9 5 6 7 ( 4 ) 0 . 0 3 5 0 ( 6 ) 0 . 1 3 5 4 ( 2 )
C8 0 . 7 6 4 2 ( 4 ) - 0 . 1 6 8 0 ( 5 ) 0 . 1 9 2 5 ( 2 )
C9 0 . 7 7 8 1  ( 4 ) - 0 . 3 2 4 8 ( 5 ) 0 . 1 4 9 2 ( 2 )
C10 0 . 5 6 3 0 ( 3 ) - 0 . 2 6 6 0 ( 5 ) 0 . 0 2 4 2 ( 2 )
Cl  1 0 . 6 5 2 2 ( 3 ) - 0 . 2 8 4 6 ( 5 ) - 0 . 0 3 7 0 ( 2 )
C6 ' 0 . 9 5 9 8 ( 1 0 ) 0 . 1 1 6 ( 1  ) 0 . 0 8 7 4 ( 6 )
C7 * 0 - 8 7 0 9 (  10 ) 0 . 1 1 4 ( 1 ) 0 . 1484 ( . 5 )
C8 ' 0 . 8 5 8 9 ( 9 ) - 0 . 2 2 4 ( 1 ) 0 . 1 6 6 9 ( 5 )
C 9 ' 0 . 7 0 3 0 ( 9 ) - 0 . 2 4 5 ( 1 ) 0 . 1 6 6 4 ( 5 )
C 1 0 ' 0 . 6 6 4 9 ( 10) - 0 . 3 5 5 ( 2 ) 0 . 0 0 7 7 ( 6 )
C11 ' 0 . 5 6 8 8 ( 10) - 0 . 2 1 8 ( 1 ) - 0 . 0 1 6 5 ( 5 )
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C r y s t a l  d a t a  f o r  C H N , MW=378. 5 ,  m o n o c l i n i c  s p a c e
22 30 6
g r o u p  C 2 / c ,  a = 1 7 . 6 1 4 ( 3 ) ,  b = 9 . 6 9 6 ( 2 ) ,  c = 1 2 . 6 6 2 ( 2 ) A ,
)3= 1 1 1 . 6 5 ( 2)  0 , Z = 4 ,  d c = 1 . 2 5 1  gcm“ 3 . R = 0 . 0 3 7  f o r  
1819  o b s e r v e d  d a t a  m e a s u r e d  w i t h  CuKa  r a d i a t i o n  o n  a n  
E n r a f - N o n i u s  CAD4 d i f f r a c t o m e t e r .
Bond D i s t a n c e s f o r  3 00
A t o m s
9
D i s t a n c e  A A t o ms D i s t a n c e
N1-C1 1 . 3 4 2 ( 1 ) C1 - C2 1 . 3 9 0 ( 1 )
N 1 - C5 1 . 3 3 7 ( 1 ) C 1 - C 1 1 1 . 5 0 9 ( 1 )
N2 - C6 1 . 4 6 8 ( 1 ) C2-C3 1 . 3 8 1 ( 1 )
N2 - C7 1 . 4 6 0 ( 1 ) C3-C4 1 . 3 8 2 ( 1 )
N2 - C9 1 . 4 6 5 ( 1 ) C4 - C5 1 . 3 9 3 ( 1 )
N3 - C9 1 . 4 5 9 ( 1 ) C5 - C6 1 . 5 1 9 ( 1 )
N 3 - C 1 0 1 . 4 5 6 ( 1 ) C7 - C8 1 . 5 1 6 ( 1 )
N 3 - C 1 1 1 . 4 6 2 ( 1 ) C9 - C1 0 1 . 5 1 0 ( 1 )
Bond  A n g l e s o f  3 0 0
A t o m s A n g l e  ° At oms A n g l e  °
C 1 - N 1 - C 5 1 1 8 . 5 6 ( 6 ) C 2 - C 3 - C 4 1 1 8 . 7 9 ( 7 )
C 6 - N 2 - C 7 1 1 2 . 6 9 ( 5 ) C 3 - C 4 - C 5 1 1 8 . 9 9 ( 7 )
C 6 - N 2 - C 9 1 1 2 . 7 6 ( 6 ) C4- C5- N1 1 2 2 . 2 2 ( 7 )
C 7 - N 2 - C 9 1 1 0 . 5 4 ( 5 ) C 4 - C 5 - C 6 1 2 1 . 1 2 ( 7 )
C 8 - N 3 - C 1 0 1 0 8 . 6 3 ( 6 ) N 1 - C 5 - C 6 1 1 6 . 6 2 ( 5 )
23B
C 8 - N 3 - C 1 1 1 1 3 . 8 0 ( 6 ) C 5 - C6 - N2 1 1 5 . 5 1 ( 5 )
C 1 0 - N 3 - C 1 1 1 1 3 . 3 0 ( 6 ) N 2 - C 7 - C 8 1 1 1 . 0 3 ( 6 )
N 1 - C 1 - C 2 1 2 2 . 0 8 ( 7 ) C 7 - C 8 - N 3 1 0 9 . 3 7 ( 5 )
N 1 - C 1 - C 1 1 1 1 5 . 0 8 ( 6 ) N 2 - C 9 - C 1 0 1 1 0 . 3 3 ( 6 )
C 2 - C 1 - C 1 1 1 2 2 . 7 8 ( 7 ) C 9 - C 1 0 - N 3 1 0 9 . 3 7 ( 6 )
C 1 - C 2 - C 3 1 1 9 . 1 4 ( 7 ) N 3 - C11- C1 1 0 9 . 4 0 ( 6 )
C o o r d i n a t e s f o r  3 0 0
Atom X Z
N1 0 . 3 7 3 0 0 ( 4 ) 0 . 4 4 3 7 9 ( 9 ) 0 . 4 6 1 2 4 ( 6 )
N2 0 . 4 3 9 2 2 ( 4 ) 0 . 1 6 2 4 3 ( 1 0 ) 0 . 5 7 2 0 2 ( 6 )
N3 0 . 2 9 8 0 3 ( 4 ) 0 . 0 1 4 7 1 ( 9 ) 0 . 5 7 1 7 3 ( 7 )
C1 0 . 3 1 9 7 7 ( 5 ) 0 . 5 1 5 6 ( 1 ) 0 . 3 7 4 9 6 ( 8 )
C2 0 . 3 2 4 0 1 ( 6 ) 0 . 5 1 7 8 ( 1 ) 0 . 2 6 7 5 2 ( 9 )
C3 0 . 3 8 2 3 1 ( 7 ) 0 . 4 3 8 7 ( 1 ) 0 . 2 4 7 1 0 ( 8 )
C4 0 . 4 3 3 6 8 ( 6 ) 0 . 3 5 7 7 ( 1 ) 0 . 3 3 3 8 2 ( 8 )
C5 0 . 4 2 7 5 3 ( 5 ) 0 . 3 6 3 4 ( 1 ) 0 . 4 4 0 3 0 ( 7 )
C 6 0 . 4 8 0 8 7 ( 5 ) 0 . 2 7 3 5 ( 1 ) 0 . 5 3 7 6 3 ( 8 )
C7 0 . 3 9 1 1 5 ( 5 ) 0 . 0 7 3 7 1 1 ) 0 . 4 7 7 2 7 ( 7 )
C8 0 . 3 5 9 8 6 ( 6 ) - 0 . 0 4 2 8 ( 1 ) 0 . 5 1 7 1 4 ( 8 )
C9 0 . 3 8 6 6 7 ( 6 ) 0 . 2 1 3 6 ( 1 ) 0 . 6 3 1 6 5 ( 7 )
C10 0 . 3 4 8 0 0 ( 6 ) 0 . 0 9 4 5 ( 1 ) 0 . 6 7 0 2 3 ( 8 )
C 11 0 . 2 5 3 2 5 ( 6 ) 0 . 5 8 7 9 ( 1 ) 0 . 4 0 2 0 2 ( 9 )
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W  
11 10 
/ ~ \
C r y s t a l  d a t a  f o r  C H N 0  , MW=498. 6 ,  s p a c e  c r o u p
26 38 6 4
P 2 - | / c ,  a = 1 0 . 4 9 8 ( 3 )  b = 4 . 7 4 8 ( 2 ) ,  c = 2 6 . 0 3 2 ( 8 ) A ,
/3=96 . 4 2 ( 2 ) ° ,  U= 1 289  . 4 ( 8 ) A3 . Z=2 ,  d c = 1 . 2 8 4 ( 1 )
gcm- ^ ,  R = 0 . 0 4 3  f o r  1 , 0 6 0  o b s e r v e d  d a t a  h a v i n g  
2 ° < 2 9 < 4 2 ° , A = 0 . 7 1 073A f o r  MoKQ r a d i a t i o n .
Bond  D i s t a n c e s f o r  284
A t o m s
0
D i s t a n c e  A A t o ms
o
D i s t a n c e  A
0 1 - C 1 1 . 3 6 2 ( 3 ) N 3 - C 1 1 1 . 4 5 4 ( 4 )
0 1 - C 6 1 . 4 4 6 ( 3 ) N 3 - C 1 2 1 . 4 6 1 ( 4 )
0 2 - C 5 1 . 3 5 3 ( 4 ) C1 - C2 1 . 3 9 0 ( 4 )
0 2 - C 1 3 1 . 4 3 2 ( 4 ) C2-C3 1 . 3 7 2 ( 5 )
N 1 - C 1 1 . 3 1 9 ( 4 ) C3 - C4 1 . 3 8 8 ( 5 )
N 1 - C5 1 . 3 3 7 ( 4 ) C4 - C5 1 . 3 8 1 ( 4 )
N 2 - C7 1 . 4 6 4 ( 4 ) C6 - C7 1 . 5 0 1 ( 4 )
N 2- C8 1 . 4 7 2 ( 4 ) C8 - C9 1 . 5 1 6 ( 5 )
N 2- C1 0 1 . 4 6 7 ( 5 ) C 1 0 - C 1 1 1 . 5 0 4 ( 4 )
N 3- C9 1 . 4 6 6 ( 3 ) C 1 2 - C 1 3 1 . 5 1 3 ( 5 )
Bond A n g l e s  f o r  284
A t o m s A n g l e  ° A t o m s A n g l e  *
C 1 - 0 1 - C 6 1 1 8 . 0 ( 2 ) C 2 - C 3 - C 4 1 2 0 . 5 ( 3 )
C 5 - 0 2 - C 1 3 1 1 7 . 0 ( 2 ) C 3 - C 4 - C 5 1 1 7 . 1 ( 3 )
C 1 - N 1 - C 5 1 1 6 . 8 ( 2 ) 0 2 - C 5 - N 1 1 1 8 . 2 ( 2 )
C 7 - N 2 - C 8 1 1 0 . 3 ( 2 ) 0 2 - C 5 - C 4 1 1 7 . 8 ( 3 )
C 7 - N 2 - C 1 0 1 1 1 . 0 ( 2 ) N 1 - C 5 - C 6 1 2 4 . 0 ( 3 )
C 8 - N 2 - C 1 0 1 0 8 . 1 ( 2 ) 0 1 - C 6 - C 7 1 1 1 . 5 ( 2 )
C 9 - N 3 - C 1 1 1 0 8 . 8 ( 2 ) N 2 - C 7 - C 6 1 1 1 . 8 ( 2 )
C 9 - N 3 - C 1 2 1 1 0 . 7 ( 2 ) N 2 - C 8 - C 9 1 1 0 . 2 ( 2 )
C 1 1 - N 3 - C 1 2 1 1 1 . 9 ( 3 ) N 3 - C 9 - C 8 1 1 0 . 6 ( 3 )
0 1 - C 1 - N 1 1 1 9 . 2 ( 2 ) N 2 - C 1 0 - C 1 1 1 1 1 . 1 ( 3 )
0 1 - C 1 - C 2 1 1 6 . 1 ( 2 ) N 3 - C 1 1 - C 1 0 1 1 1 . 2 ( 2 )
N 1 - C 1 - C 2 1 2 4 . 6 ( 3 ) N 3 - C 1 2 - C 1 3 1 1 0 . 0 ( 2 )
C 1 - C 2 - C 3 1 1 6 . 9 ( 3 ) 0 2 - C 1 3 - C 1 2 1 0 7 . 2 ( 2 )
C o o r d i n a t e s f o r  284
At om X 1 z
0 1 0 . 8 7 9 5 ( 2 ) 0 . 7 6 3 0 ( 4 ) 0 . 7 1 8 2 ( 1 )
0 2 0 . 6 2 9 5 ( 2 ) 0 . 1 2 6 2 0 ( 5 ) 0 . 5 9 2 0 ( 1 )
N 1 0 . 7 5 4 7 ( 2 ) 0 . 1 0 0 8 8 ( 5 ) 0 . 6 5 4 5 (  1 )
N2 0 . 1 1 3 0 2 ( 2 ) 0 . 7 6 5 9 ( 4 ) 0 . 6 2 7 1  (1 )
N3 0 . 1 2 6 0 7 ( 2 ) 0 . 8 3 5 9 ( 5 ) 0 . 5 3 5 8 (  1 )
C1 0 . 7 7 9 9 ( 3 ) 0 . 9 4 1 3 ( 5 ) 0 . 7 0 3 6 ( 1  )
C2 0 . 7 1 0 7 ( 3 ) 0 . 1 0 3 5 0 ( 6 ) 0 . 7 4 2 5 ( 1 )
C3
C4
C5
C6
C7
C8
C9
CIO
C11
C 12
C13
0 . 6 1 1 0 ( 3 )  
0 . 5 8 2 3 ( 3 )  
0 . 6 5 7 0 ( 3 )  
0 . 9 5 4 1 ( 3 )  
0 . 1 0 6 1 3 ( 3 )  
0 . 1 2 4 8 3 ( 3 )  
0 . 1 3 3 0 5 ( 3 )  
0 . 1 0 6 1 3 ( 3 )  
0 . 1 1 4 2 6 ( 3 )  
0 . 1 2 4 0 5 ( 3 )  
0 . 1 2 9 1 0 ( 3 )
3 3 2
0 . 1 2 1 6 3 ( 8 )  
0 . 1 2 9 8 2 ( 7 )  
0 . 1 1 8 6 2 ( 6 )  
0 . 6 6 0 0 ( 5 )  
0 . 8 7 2 4 ( 6 )  
0 . 9 3 2 6 ( 7 )  
0 . 8 2 1 0 ( 8 )  
0 . 7 8 3 5 ( 7 )  
0 . 6 7 4 7 ( 6 )  
0 . 7 3 5 0 ( 7 )  
0 . 8 5 0 2 ( 8 )
2 +
0 . 7 2 8 7 ( 2  
0 . 6 7 7 7 ( 1  
0 . 6 4 2 2 ( 1  
0 . 6 7 8 6 ( 1  
0 . 6 6 5 8 ( 1  
0 . 6 2 7 8 ( 1  
0 . 5 8 7 9 ( 1  
0 . 5 7 4 8 ( 1  
0 . 5 3 5 2 ( 1  
0 . 4 9 7 1 ( 1  
0 . 4 4 4 1  ( 1
C r y s t a l  d a t a  f o r  C H C l  CoN 0  , MW=701 . 3 ,  s p a c e  
— — — ------  26 40  4 6 4
g r o u p  P 2 - , / c f a = 1 5 . 2 5 8 ( 6 ) ,  b = 2 8 . 6 7 6 ( 1 2 ) ,  c = 1 5 . 5 3 8 ( 5 ) A,
0 = 1 0 7 . 1 8 ( 3 ) °  , U = 6 4 9 5 ( 4 ) A3 , Z=8 ,  d  =1 . 4 3 2 (  1 ) gem- 3 ,
c
M(MoKa ) = 8 . 9 6  cm- ^ ,  R = 0 . 1 0 8  f o r  2 , 2 3 9  o b s e r v e d  d a t a  
h a v i n g  2 ° < 2 9 < 4 2 ° .
C o o r d i n a t e s  f o r  332
Atom
Co1
X
- 0 . 0 1 7 1 ( 3 )
1
0 . 0 2 6 2 ( 2 )
z
0 . 2 4 1 2 3)
Co2 0 . 4 8 0 9 ( 3 ) 0 . 7 7 8 8 ( 2 ) 0 . 2 5 4 0 3)
C11 - 0 . 1 4 9 6 ( 6 ) 0 . 0 6 4 9 ( 4 ) 0 . 2 2 1 2 7)
C12 - 0 . 0 4 2 1 ( 6 ) - 0 . 0 2 9 2 ( 3 ) 0 . 1 3 1 9 6 )
C13 0 . 4 6 6 0 ( 7 ) 0 . 7 2 7 2 ( 5 ) 0 . 1 4 2 7 9)
C14 0 . 3 4 9 1 ( 7 ) 0 . 8 2 1 8 ( 5 ) 0 . 2 2 0 2 7)
C I S 0 . 0 1 3 6 ( 6 ) - 0 . 0 1 7 5 ( 4 ) 0 . 3 6 8 4 7)
C16 0 . 1 9 4 8 ( 6 ) 0 . 0 7 2 1 ( 4 ) 0 . 2 5 0 7 7)
C17 0 . 6 0 6 ( ( 7 ) 0 . 8 2 3 6 ( 4 ) 0 . 2 8 1 6 7)
C18 0 . 5 0 3 9 ( 8 ) 0 . 7 3 8 8 ( 5 ) 0 . 3 8 3 3 7)
N 1 0 - 1 9 3 6 ( 1 8 ) 0 . 2 0 2 5 ( 9 ) 0 . 0 0 2 4 17)
N2 0 . 3 2 8 2 ( 17) 0 . 2 1 3 0 ( 9 ) 0 . 3 5 4 6 16)
N3 0 . 3 3 8 9 { 16) 0 . 1 1 3 1 ( 8 ) 0 . 3 5 7 1 15)
144 0 . 6 7 6 2 ( 1 9 ) 0 . 0 4 6 8 ( 10) 0 . 5 1 3 0 18)
N5 0 . 1 8 1 9 ( 1 7 ) 0 . 4 6 3 2 ( 9 ) 0 . 1 2 2 5 17)
N6 0 . 1 5 9 2 ( 1 9 ) 0 . 3 6 2 3 ( 10) 0 . 1 1 3 5 18)
N7 0 . 9 4 7 5 ( 18) 0 . 2 6 0 2 ( 9 ) 0 . 3 7 5 7 17)
N8 0 . 7 7 2 6 ( 15) 0 . 2 1 0 9 ( 8 ) 0 . 0 9 8 5 15)
N9 0 . 6 3 5 6 ( 1 7 ) 0 . 1 6 0 6 ( 9 ) 0 . 1 5 3 9 16)
N10 0 . 5 7 3 6 ( 1 8 ) 0 . 0 1 6 9 ( 1 0 ) 0 . 1 1 3 7 18)
N 1 1 0 . 7 5 8 6 ( 1 7 ) 0 . 4 5 6 0 ( 9 ) 0 . 4 0 1 7 16)
N12 0 . 8 7 5 6 ( 14) 0 . 4 0 2 8 ( 7 ) 0 . 3 2 8 6 14)
0 1 0 . 2 8 2 3 ( 15) 0 . 3 3 3 9 ( 8 ) 0 . 4 2 2 5 14)
0 2 0 . 4 0 1 8 ( 1 4 ) - 0 . 0 1 0 4 ( 7 ) 0 . 3 9 5 6 13)
0 3 0 . 7 4 7 0 ( 17) 0 . 0 8 3 6 ( 9 ) 0 . 4 2 4 5 17)
243
04 0 . 1 1 3 4 ( 1 3 ) 0 . 2 3 8 2 ( 7 ) 0 . 0 8 3 4 ( 1 3 )
0 5 0 . 8 7 7 8 ( 1 4 ) 0 . 2 1 9 2 ( 7 ) 0 . 4 6 0 8 ( 1 4 )
0 6 0 . 4 9 4 5 ( 1 5 ) 0 . 0 5 8 2 ( 8 ) 0 - 1 9 4 3 ( 1 5 )
0 7 0 . 3 5 3 4 ( 1 5 ) 0 . 4 6 9 5 ( 8 ) 0 . 4 6 1 0 ( 1 5 )
0 8 1 . 0 1 4 1 ( 1 5 ) 0 . 3 0 3 0 ( 8 ) 0 . 2 8 3 3 ( 1 4 )
Cl 0 . 1 4 3 7 ( 2 3 ) 0 . 1 9 6 1 ( 1 2 ) 0 . 0 5 0 3 ( 2 2 )
C2 0 . 1 0 7 8 ( 2 1 ) 0 . 1 5 7 8 ( 1 2 ) 0 . 0 7 7 4 ( 2 0 )
C3 0 . 1 4 2 9 ( 2 2 ) 0 . 1 1 9 1 ( 1 2 ) 0 . 0 4 2 5 ( 2 2 )
C4 0 . 1 9 6 6 ( 1 9 ) 0 . 3 8 2 4 ( 9 ) 0 . 4 8 9 1 ( 1 8 )
C5 0 . 2 2 4 3 ( 2 2 ) 0 . 3 3 5 1 ( 1 2 ) 0 . 4 7 0 4 ( 2 2 )
C6 0 . 3 3 0 8 ( 2 1 ) 0 . 2 8 9 4 ( 1 1 ) 0 . 4 1 8 4 ( 2 0 )
C7 U . 2 8 0 1 ( 2 1 ) 0 . 2 5 6 7 ( 1 1 ) 0 . 3 5 6 4 ( 2 0 )
C8 0 . 2 8 6 3 ( 2 0 ) 0 . 1 8 8 8 ( 1 1 ) 0 . 2 7 0 4 ( 2 0 )
09 0 . 3 3 5 1 ( 2 1 ) 0 . 1 3 8 7 ( 1 1 ) 0 . 2 7 0 9 ( 2 0 )
C10 0 . 3 3 2 7 ( 2 3 ) 0 . 1 8 7 3 ( 1 2 ) 0 . 4 3 8 0 ( 2 1 )
C 1 1 0 . 3 8 7 6 ( 2 4 ) 0 . 1 4 1 0 ( 1 3 ) 0 . 4 3 6 5 ( 2 2 )
C 1 2 0 . 3 8 3 8 ( 2 4 ) 0 . 0 6 8 4 ( 1 3 ) 0 . 3 5 2 8 ( 2 0 )
C13 0 . 3 5 9 5 ( 2 2 ) 0 . 0 3 2 6 ( 12) 0 . 4 0 9 9 ( 2 1 )
C 14 0 . 6 2 1 3 ( 1 9 ) 0 . 0 4 9 1 ( 1 0 ) 0 . 5 6 3 7 ( 1 8 )
C15 0 . 5 8 6 3 ( 2 1 ) 0 . 0 9 2 0 ( 1 1  ) 0 . 5 9 0 7 ( 2 0 )
C 1 6 0 . 6 1 4 5 ( 2 1 ) 0 . 1 3 0 9 ( 1 1  ) 0 . 5 5 5 6 ( 2 1 )
C17 0 . 6 6 4 5 ( 2 6 ) 0 . 1 2 6 9 ( 1 4 ) 0 . 5 0 0 3 ( 2 5 )
C1 8 0 . 6 9 7 2 ( 2 6 ) 0 . 0 8 6 2 ( 1 5 ) 0 . 4 8 1 8 ( 2 6 )
C19 0 . 8 0 9 9 ( 2 5 ) 0 . 0 4 1 0 ( 1 3 ) 0 . 4 3 2 6 ( 2 3 )
C20 0 . 2 4 5 9 ( 2 2 ) 0 . 5 0 5 3 ( 12) 0 . 1 3 1 4 ( 2 2 )
C21 0 . 1 7 8 0 ( 2 6 ) 0 . 4 3 2 6 ( 1 4 ) 0 . 0 4 1 9 ( 2 5 )
244
C22 0 . 1 2 0 3 ( 2 5 ) 0 . 3 9 4 5 13) 0 . 0 3 6 3 ( 2 4 )
C23 0 . 2 2 9 0 ( 2 3 ) 0 . 4 2 9 4 1 2 ) 0 . 2 0 3 6 ( 2 2 )
C24 0 . 1 6 3 3 ( 2 0 ) 0 . 3 8 8 2 1 0 ) 0 . 1 9 3 8 ( 1 9 )
C25 0 . 1 1 1 1 ( 2 0 ) 0 . 3 1 9 1 1 1 ) 0 . 1 1 0 8 ( 1 9 )
C26 0 . 1 4 9 8 ( 2 2 ) 0 . 2 8 2 8 1 2 ) 0 . 0 6 2 8 ( 2 1 )
C27 0 . 9 9 3 0 ( 2 0 ) 0 . 2 6 2 8 1 1 ) 0 . 3 1 3 5 ( 1 9 )
C28 1 . 0 1 2 2 ( 2 2 ) 0 . 2 2 4 7 1 2 ) 0 . 2 7 0 3 ( 2 2 )
C29 0 . 9 9 5 9 ( 2 0 ) 0 . 1 8 2 1 1 1 ) 0 . 2 9 7 5 ( 2 0 )
C30 0 . 9 4 4 3 ( 2 2 ) 0 . 1 7 7 4 1 2 ) 0 . 3 6 1 5 ( 2 1 )
C31 0 . 9 2 8 2 ( 2 4 ) 0 . 2 1 2 7 14) 0 . 4 0 0 3 ( 2 4 )
C32 0 . 8 5 5 3 ( 2 2 ) 0 . 2 3 9 2 1 2 ) - 0 . 0 0 6 5 ( 2 2 )
C33 0 . 8 0 5 0 ( 2 2 ) 0 . 2 5 0 7 1 1 ) 0 . 0 5 9 0 ( 2 1 )
C34 0 . 7 5 2 7 ( 2 2 ) 0 . 2 2 1 4 1 2 ) 0 . 1 7 8 0 ( 2 1 )
C35 0 . 7 2 1 0 ( 2 4 ) 0 . 1 6 1 6 13) 0 . 2 2 3 8 ( 2 3 )
C36 0 . 6 8 6 3 ( 19) 0 . 1 8 9 7 1 0 ) 0 . 0 2 9 2 ( 18)
C37 0 . 6 5 8 5 ( 2 2 ) 0 . 1 4 5 4 1 2 ) 0 . 0 6 7 9 ( 2 1 )
C38 0 . 6 1 0 0 ( 2 4 ) 0 . 1 1 6 3 13) 0 . 2 0 4 3 ( 2 3 )
C39 0 . 5 1 3 1 ( 2 3 ) 0 . 0 9 7 4 1 2 ) 0 . 1 4 7 1 ( 2 2 )
C40 0 . 5 2 0 0 ( 2 6 ) 0 . 0 1 6 8 14) 0 . 1 6 8 3 ( 2 6 )
C41 0 . 4 9 4 4 ( 2 7 ) - 0 . 0 2 6 5 ( 16) 0 . 2 0 3 4 ( 2 7 )
C42 0 . 4 7 6 3 ( 2 3 ) 0 . 4 3 4 1 13) 0 . 3 1 9 6 ( 2 3 )
C43 0 . 4 3 1 3 ( 2 2 ) 0 . 4 3 0 1 1 2 ) 0 . 3 8 0 7 ( 2 2 )
C44 0 . 4 0 5 6 ( 19) 0 . 4 7 4 8 1 1 ) 0 . 4 0 7 2 ( 1 8 )
C45 0 . 6 7 5 5 ( 2 0 ) 0 . 4 8 5 4 1 0 ) 0 . 5 0 5 0 ( 1 9 )
C46 0 . 7 3 2 0 ( 2 0 ) 0 . 5 0 0 7 1 1 ) 0 . 4 4 5 3 ( 2 0 )
C47 0 . 8 3 5 5 ( 2 2 ) 0 . 4 3 4 0 1 2 ) 0 . 4 5 2 5 ( 2 2 )
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C48
C49
C50
C51
C52
0 . 8 5 7 6 ( 1 8 )  
0 . 7 7 4 2 ( 1 8 )  
0 . 7 9 4 8 ( 2 5 )  
0 . 9 0 0 0 ( 2 0 )  
0 . 9 9 4 9 ( 2 1 )
0 . 3 9 2 2 ( 1 0 )  
0 . 4 7 0 4 ( 1 0 )  
0 . 4 2 4 1 ( 1 3 )  
0 . 3 5 9 5  <10)  
0 . 3 4 4 3 ( 1 1 )
0.4152(18)
0 . 3 1 6 6 ( 1 7 )
0 . 2 6 8 8 ( 2 4 )
0 . 2 8 1 5 ( 1 9 )
0 . 4 2 4 3 ( 2 0 )
256
+21
Me
C r y s t a l s  o f  (C H N O  ] 2 + 2 l “ *CH CN, 2 5 6 , a r e  m o n o -
c l i n i c  a n d  t h e  s p a c e  g r o u p  i s  P 2 - | / n ,  a = 1 1 . 3 5 5 ( 2 ) ,  
b = 2 3 . 2 9 1 ( 3 ) ,  jc = 1 2 . 1 6 1 ( 6 )  A,  0 = 9 7 . 7 2  (1 ) e ,  Z= 4 . 1 5 8  D a t a  
w e r e  c o l l e c t e d  u s i n g  MoKa  r a d i a t i o n  o n  a n  E n r a f - N o n i u s  CAD4 
d i f f r a c t o m e t e r  t o  ©=2 2 ° a n d  t h e  i n t e n s i t i e s  w e r e  
c o r r e c t e d  f o r  a b s o r p t i o n .
Bond  D i s t a n c e s  f o r  256
A t o m s  D i s t a n c e  A A t o m s  D i s t a n c e  A
N1-C1 1 . 4 9 6 ( 5 )  0 2 - C 9  1 . 4 2 0 ( 5 )
N1- C2  1 . 5 2 3 ( 5 )  C 9 - C 1 0  1 . 5 1 5 ( 5 )
N 1 - C 1 2  1 . 5 2 7 ( 5 )  C 1 2 - C 1 3  1 . 5 1 9 ( 7 )
N 1 - C 1 8  1 . 5 2 0 ( 5 )  C 1 3 - 0 3  1 . 4 0 6 ( 6 )
N2-C4 1.333(5) 03-C14 1.435(6)
246
N2-CB
N3 - C1 0
N 3 - C 1 1
N 3- C1 7
N 3 - C2 3
C2-C3
C 3 - 01
0 1 -C4
C4 - C5
C5 - C6
C6 - C7
C7 - C8
C 8 - 0 2
A t o ms  
C 1 - N 1 - C 2  
Cl  - N 1- C l  2 
C 1 - N 1 - C 1 8  
C 2 - N 1 - C 1 2 
C 2 - N 1 - C 1 8 
C 1 2 - N 1 - C 1 8  
C 4 - N 2 - C 1 8 
C 10 - N 3 - C 1 1 
C l 0 - N 3 - C 1 7
1 . 3 3 4 ( 5 )  
1 . 5 3 5 ( 5 )  
1 . 4 7 9 ( 6 )  
1 . 5 3 1 ( 5 )  
1 . 4 9 2 ( 5 )  
1 . 5 1 6 ( 5 )  
1 . 4 4 4 ( 5 )  
1 . 3 6 0 ( 5 )  
1 . 3 6 1 ( 6 )  
1 . 3 7 4 ( 7 )  
1 . 3 6 3 ( 6 )  
1 . 3 8 7 ( 6 )  
1 . 3 5 9 ( 5 )
1 0 9 . 7 ( 3 )
1 0 7 . 2 ( 3 )
1 1 0 . 5 ( 3 )
1 1 1 . 6 ( 3 )
1 0 9 . 7 ( 3 )
1 0 8 . 2 ( 3 )
1 1 7 . 0 ( 3 )
1 1 0 . 8 ( 3 )
106.0(3)
C 1 4 - C 1 5  
Cl  5 - 0 4
0 4 - C 1 6  
C 1 6 - C 1 7  
C1 8 - C 1 9  
C 1 9 - 0 5
0 5 - C 2 0  
C20- C21  
C 2 1 - 0 6
0 6 - C 2 2  
C 2 2 - C 2 3
A t o m s
C 7 - C 8 - 0 2
N 2 - C 8 - 0 2
C 8 - 0 2 - C 9
0 2 - C 9 - C 1 0 
C 9 - C 1 0 - N 3  
N 1 - C 1 2 - C 1 3  
C 1 2 - C 1 3 - 0 3  
C l 3 - 0 3 - C 1 4
0 3 - C 1 4 - C 1 5
1 . 3 9 1 ( 7 )  
1 . 4 2 4 ( 6 )  
1 . 4 3 7 ( 6 )
1 . 4 6 4 ( 7 )
1 . 4 8 8 ( 6 )  
1 . 3 9 6 ( 5 )
1 . 4 2 6 ( 6 )
1 . 3 8 5 ( 9 )
1 . 4 9 7 ( 8 )
1 . 2 8 4 ( 9 )  
1 . 5 4 2 ( 1 1 )
1 . 1 8 1 ( 1 2 )
1 . 3 1 9 ( 1 2 )
A n g l e  0
1 1 8 . 2 ( 4 )
1 1 8 . 2 ( 3 )
1 1 7 . 4 ( 3 )
1 1 2 . 2 ( 3 )
1 1 4 . 9 ( 3 )
1 1 6 . 3 ( 3 )
1 0 8 1 8 ( 3 )
1 1 7 . 5 ( 3 )
116.7(4)
C 1 S - N 1 s  
C l s - C 2 s
Bond  A n g l e s  f o r  256
A n g l e  °
247
C 1 0 - N 3 - C 2 3 1 1 2 . 3 ( 3 ) C 1 4 - C 1 5 - 0 4 1 0 8 . 6 ( 4 )
C 1 1 - N 3 - C 1 7 1 1 1 . 4 ( 3 ) C 1 5 - 0 4 - C 1 6 1 1 2 . 7 ( 4 )
C l 1 - N 3 - C 2 3 1 0 6 . 4 ( 3 ) 0 4 - C 1 6 - C 1 7 1 1 1 . 9 ( 4 )
C 1 7 - N 3 - C 2 3 1 1 1 . 1 ( 3 ) C 1 6 - C 1 7 - N 3 1 1 6 . 5 ( 4 )
N 1 - C 2 - C 3 1 1 6 . 8 ( 3 ) N 1 - C 1 8 - C 1 9 1 1 7 . 2 ( 3 )
C 2 - C 3 - 0 1 1 1 3 . 9 ( 3 ) C 1 8 - C 1 9 - 0 5 1 1 2 . 1 ( 3 )
C 3 - 0 1 - C 4 1 1 7 . 5 ( 3 ) C 1 9 - O 5 - C 2 0 1 1 2 . 5 ( 4 )
0 1 - C 4 - C 5 1 1 8 . 3 ( 4 ) O 5 - C 2 0 - C 2 1 1 0 9 . 7 ( 5 )
N 2 - C 4 - C 5 1 2 4 . 0 ( 4 ) C 2 0 - C 2 1 - O 6 1 0 7 . 7 ( 6 )
N 2 - C 4 - 0 1 1 1 7 . 7 ( 3 ) C 2 1- 0 6 - C 2 2 1 1 2 . 1 ( 7 )
C 4 - C 5 - C 6 1 1 7 . 4 ( 4 ) 0 6 - C 2 2 - C 2 3 1 1 0 . 1 ( 6 )
C 5 - C 6 - C 7 1 2 1 . 2 ( 4 ) C 2 2 - C 2 3 - N 3 1 1 5 . 2 ( 4 )
C 6 - C 7 - C 8 1 1 6 . 7 ( 4 ) N 1 S - C 1 s - C 2 s 1 7 8 . 1 ( 1 0 )
C 7 - C 8 - N 2 1 2 3 . 6 ( 4 )
C o o r d i n a t e s  f o r  2 56
A t o m s  x y  ^
11 0 . 0 2 9 4 1 ( 3 ) 0 . 0 9 4 7 7 ( 1  ) 0 . 0 7 4 4 3 ( 3 )
1 2 0 . 0 6 5 0 0 ( 3 ) 0 . 3 6 9 0 3 ( 2 ) 0 . 9 0 5 5 8 ( 3 )
01 0 . 4 0 0 1 ( 3 ) 0 . 0 5 5 5 ( 1 ) 0 . 7 6 1 0 ( 3 )
0 2 0 . 4 3 5 3 ( 3 ) 0 . 2 5 2 3 { 1 ) 0 . 7 3 5 4 ( 3 )
0 3 0 . 5 7 8 2 ( 3 ) 0 . 0 7 6 5 ( 2 ) 0 . 9 7 3 5 ( 3 )
0 4 0 . 6 9 0 9 ( 4 ) 0 . 1 8 1 9 ( 2 ) 0 . 9 7 9 7 ( 3 )
0 5 0 . 8 5 3 5 ( 3 ) 0 . 1 1 1 4 ( 2 ) 0 . 6 8 4 7 ( 3 )
0 6 0 . 8 8 9 4 ( 4 ) 0 . 2 2 7 6 ( 3 ) 0 . 6 5 1 6 ( 4 )
248
N1 0 . 6 9 2 8 ( 3 )
N2 0 . 4 1 6 7 ( 3 )
N3 0 . 7 2 5 3 ( 3 )
C1 0 . 7 0 6 6 ( 5 )
C2 0 . 6 1 0 6 ( 4 )
C3 0 . 4 8 6 3 ( 4 )
C4 0 . 3 5 9 5 ( 4 )
C5 0 . 2 6 4 5 ( 5 )
C6 0 . 2 2 3 1 ( 4 )
C7 0 . 2 7 8 1 ( 5 )
C8 0 . 3 7 6 6 ( 4 )
NTS 0 . 1 5 6 2 ( 7 )
C9 0 . 5 3 2 7 ( 4 )
C10 0 . 6 4 1 5 ( 4 )
Cl  1 0 . 6 6 0 1 ( 5 )
C 12 0 . 6 4 2 4 ( 5 )
Cl  3 0 . 6 5 2 2 ( 5 )
C14 0 . 5 8 1 2 ( 6 )
Cl  5 0 . 6 7 9 4 ( 6 )
C16 0 . 7 9 0 5 ( 5 )
C17 0 . 8 2 1 8 ( 5 )
C 1 8 0 . 8 1 3 0 ( 4 )
C19 0 . 8 9 3 2 ( 4 )
C20 0 . 9 4 0 1 ( 6 )
C21 0 . 8 9 8 4 ( 7 )
C22 0 . 8 1 1 0 ( 6 )
0 . 0 2 2 4 ( 2 ) 0 . 7 8 6 2 ( 3 )
0 . 1 5 3 7 ( 2 ) 0 . 7 4 6 0 ( 3 )
0 . 2 6 7 9 ( 2 ) 0 . 8 0 2 7 ( 3 )
- 0 . 0 2 3 6 ( 2 ) 0 . 7 0 2 8 ( 5 )
0 . 0 6 9 2 ( 2 ) 0 . 7 3 2 7 ( 2 )
0 . 0 5 1 0 ( 2 ) 0 . 6 8 4 2 ( 4 )
0 . 1 0 8 8 ( 2 ) 0 . 7 8 1 6 ( 4 )
0 . 1 1 3 3 ( 2 ) 0 . 8 3 8 4 ( 4 )
0 . 1 6 7 5 ( 3 ) 0 . 8 5 6 1 ( 4 )
0 . 2 1 5 0 ( 2 ) 0 . 8 2 1 9 ( 4 )
0 . 2 0 5 8 ( 2 ) 0 . 7 6 8 0 ( 4 )
0 . 0 3 9 2 ( 4 ) 0 . 5 2 7 3 ( 6 )
0 . 2 4 2 1 ( 2 ) 0 . 6 7 6 1 ( 4 )
0 . 2 2 0 7 ( 2 ) 0 . 7 5 0 7 ( 4 )
0 . 3 1 0 0 ( 2 ) 0 . 8 6 2 8 ( 5 )
- 0 . 0 0 6 1 ( 2 ) 0 . 8 8 2 9 ( 5 )
0 . 0 2 8 0 ( 3 ) 0 . 9 9 0 2 ( 4 )
0 . 1 1 6 7 ( 3 ) 1 . 0 6 3 3 ( 5 )
0 . 1 5 2 9 ( 3 ) 1 . 0 8 0 9 ( 5 )
0 . 2 2 0 5 ( 2 ) 0 . 9 8 9 8 ( 5 )
0 . 2 3 7 2 ( 2 ) 0 . 8 8 1 4 ( 5 )
0 . 0 4 8 1 ( 2 ) 0 . 8 3 0 0 ( 4 )
0 . 0 6 3 2 ( 2 ) 0 . 7 4 7 2 ( 5 )
0 . 1 3 2 7 ( 3 ) 0 . 6 2 0 2 ( 6 )
0 . 1 8 2 3 ( 4 ) 0 . 5 6 5 6 ( 6 )
0 . 2 6 5 7 ( 5 ) 0 . 6 1 8 3 ( 6 )
249
C23
CI S
C2S
0 . 7 8 0 2 ( 5 )
0 . 1 5 7 4 ( 6 )
0 . 1 6 2 7 ( 7 )
0 . 3 0 1 1 ( 2 )  
0 . 0 0 3 6 ( 5 )  
- 0 . 0 3 6 3 ( 4 )
0 . 7 1 7 8 ( 5 )
0 . 5 9 6 7 ( 6 )
0 . 6 7 4 2 ( 7 )
C r y s t a l  d a t a ; C H N O : t r i g o n a l  s p a c e  g r o u p  R 3 c ,
27 33 5 6
w i t h  r h o m b o h e d r a l  a x e s  _ a = 1 0 . 9 3 9 ( 1  ) A,  / £=83. 3 2 5 ( 1  ) ° ,  2 = 2 ,  
d = 1 . 3 5 3  g c m ” 3 ,  R = 0 . 0 3 1  f o r  7 38  u n i q u e  o b s e r v e d  d a t a
c o l l e c t e d  o n  a n  E n r a f - N o n i u s  CAD4 d i f f r a c t o m e t e r .
Bond  D i s t a n c e s  f o r  264
o o
A t o m s  D i s t a n c e  A A t o m s  D i s t a n c e  A
N1-C1 1 . 4 4 2 ( 2 )  N2-C3  1 . 3 2 7 ( 1 )
C 1 - C2  1 . 5 1 6 ( 1 )  C3 - C4  1 . 3 8 9 ( 2 )
C 2 - 0 1  1 . 4 3 9 ( 1 )  C4- C5  1 . 3 8 2 ( 2 )
0 1 - C 3  1 . 3 5 9 ( 1 )
Bond A n g l e s  f o r  264
A t o m s  A n g l e s  °
C 1 - N 1 - C 1 '  1 2 0 . 0 ( 1 )
N1-C1-C2 112.8(1)
A t o m s  A n g l e s  *
0 1 - C 3 - C 4  1 1 8 . 5 ( 1 )
C4-C5-C4 120.9(1)
250
C1-C2-01
C 2 - 0 1 - C 3
0 1 - C 3 - N 2
1 0 8 - 6 ( 1 )  
1 1 5 . 6 5 ( 7 )  
11 7 .  6 ( 1 )
C5-C4-C3
C 3 - N2 - C3
1 1 6 . 8 ( 1  ) 
1 1 7 . 8 ( 1 )
C o o r d i n a t e s f o r  264
i t o m s 3t Z z
0 1 0 .  1 0 8 8 9 ( 8 ) 0 . 3 8 1 4 9 ( 8 ) 0 . 5 8 4 6 4 ( 7 )
N 1 0 . 4 1 7 8 ( 2 ) 0 . 4 1 7 8 0 . 4 1 7 8
N2 0 . 0 1 0 8 ( 2 ) 0 . 2 5 0 0 0 . 4 8 9 2
C1 0 . 3 0 9 3 ( 1 ) 0 . 4 4 0 7 ( 1  ) 0 . 5 0 3 6 ( 1 )
C2 0 . 2 0 4 0 (  1 ) 0 . 3 6 9 3 ( 1 ) 0 . 4 8 3 0  ( 1 )
C3 0 . 0 1 1 5 ( 1 ) 0 . 3 1 4 9 ( 1 ) 0 . 5 8 4 3 (  1)
C4 - 0 . 0 8 0 1  ( 1 ) 0 . 3 1 7 3 ( 1  ) 0 . 6 8 3 3 (  1 )
C5 - 0 . 1 7 8 6 ( 2 ) 0 . 2 5 0 0 0 . 6 7 8 6
H 11 0 . 2 7 9 ( 1 ) 0 . 5 3 4 ( 1 ) 0 . 4 9 3 (  1 )
HI 2 0 . 3 2 9 ( 1 ) 0 . 4 1 5 ( 1 ) 0 . 5 8 9 (  1 )
H21 0 . 2 3 1 ( 1 ) 0 . 2 8 1 ( 1 ) 0 . 4 8 2 ( 1 )
H22 0 . 1 6 7 ( 1 ) 0 . 4 0 2 (  1 ) 0 . 4 0 5 ( 1 )
H4 - 0 . 0 7 2 ( 1 ) 0 . 3 6 3 ( 1 ) 0 . 7 4 9 ( 1  )
H5 - 0 . 2 4 0 ( 3 ) 0 . 2 5 0 0 . 7 4 0
w
251
C r y s t a l  d a t a :  C H N O , t r i c l i n i c ,  s p a c e  g r o u p  P I ,
33 45  5 6
a = 8 . 7 6 2 ( 1 ) ,  b = 9 . 1 9 8 ( 1 )  ,  c = 2 3 . 1 2 2 ( 3 )A,  a = 7 5 . 7 0 ( 1  ) ,  /3= 
7 6 . 1 7 ( 1 ) ,  y = 6 7 . 2 7 ( 1 ) ° ,  Z=2 ,  d = 1 . 2 2 8  gcm“ 3 , R = 0 . 0 4 5  f o r  
2 1 5 4  o b s e r v e d  d a t a 1 h a v i n g  2 ° < © < 2 5 ° ,  A = 0 . 7 1 0 7 3 A  f o r  J*(MoK0 ) 
r a d i a t i o n .  I n t e n s i t y  d a t a  w e r e  c o l l e c t e d  b y  t h e  Q - 20  
s c a n  m e t h o d  o n  a n  E n r a f - N o n i u s  CAD4 a u t o m a t i c  
d i f f r a c t o m e t e r .
Bond  D i s t a n c e s f o r  276
A t o m s
ft
D i s t a n c e  A A t oms
0
D i s t a n c e  A
N1-C1 1 . 4 5 5 ( 5 ) C 1 7 - C 1 8 1 . 3 8 8 ( 5 )
C 1 - C2 1 . 5 0 4 ( 5 ) C 1 8 - C 1 9 1 . 3 8 5 ( 5 )
C 2 - 0 1 1 . 4 3 0 ( 4 ) C19-N4 1 . 3 3 8 ( 5 )
0 1 - C3 1 . 4 2 4 ( 4 ) C19 - C2 0 1 . 5 1 9 ( 5 )
C 3 - C 4 1 . 5 1 1 ( 5 ) C20-O4 1 . 4 2 7 ( 4 )
C4-N3 1 . 3 4 2 ( 5 ) 0 4 - C 2 1 1 . 4 3 3 ( 5 )
C 4 - C 5  . 1 . 3 8 8 ( 5 ) C 2 1 - C 2 2 1 . 5 1 5 ( 5 )
C 5 - C6 1 . 3 7 4 ( 5 ) C22- N2 1 . 4 4 1 ( 5 )
C 6 - C 7 1 . 3 8 6 ( 5 ) N1-C23 1 . 4 7 2 ( 4 )
C 7 - C 8 1 . 3 7 4 ( 5 ) C 2 3 - C 2 4 1 . 5 1 7 ( 5 )
C8-N3 1 . 3 4 2 ( 5 ) C 2 4 - 0 5 1 . 4 3 3 ( 4 )
C 8 - C 9 1 . 5 1 7 ( 5 ) 0 5 - C 2 5 1 . 4 1 8 ( 7 )
C 9 - 0 2 1 . 3 7 8 ( 5 ) C 2 5 - C 2 6 1 . 5 1 2 ( 5 )
0 2 - C 1 0 1 . 4 1 5 ( 4 ) C26- N5 1 . 3 3 4 ( 5 )
C 1 0 - C 1 1 1 . 5 1 0 ( 5 ) C 2 6 - C 2 7 1 . 3 7 5 ( 6 )
252
C11-N2
N 1 - C 1 2
C 1 2 - C 1 3
C 1 3 - 0 3
0 3 - C 1 4
C 1 4 - C 1 5
C 1 5 - N 4
C 1 5 - C 1 6
C 1 6 - C 1 7
1 . 4 6 0 ( 5 )  
1 . 4 6 0 ( 4 )  
1 . 5 2 3 ( 5 )  
1 . 4 2 3 ( 4 )  
1 . 4 1 6 ( 4 )  
1 . 5 2 4 ( 5 )  
1 . 3 5 8 ( 5 )  
1 . 3 8 2 ( 5 )  
1 . 3 8 0 ( 5 )
C27-C28
C 2 8 - C 2 9
C 2 9- C3 0
C30- N5
C30-C31
C 3 1 - 0 6
0 6 - C 3 2
C 3 2- C3 3
C33- N2
1 . 4 0 0 ( 5 )  
1 . 3 8 2 ( 6 )  
1 . 3 7 2 ( 6 )  
1 . 3 5 1 ( 5 )  
1 . 5 1 6 ( 6 )  
1 . 4 3 0 ( 4 )  
1 . 3 9 4 ( 4 )  
1 . 4 9 7 ( 5 )  
1 . 4 6 8 ( 5 )
Bond  A n g l e s  f o r  276
A t o m s A n g l e  ° A t o ms A n g l e
C 1 - N 1 - C 1 2 1 1 4 . 6 ( 4 ) N 4 - C 1 5 - C 1 6 1 2 3 . 5 ( 4 )
C 1 - N 1 - C 2 3 1 1 6 . 6 ( 4 ) C 1 5 - N 4 - C 1 9 1 1 6 . 3 ( 4 )
C 1 2 - N 1 - C 2 3 1 1 2 . 8 ( 4 ) C 1 5 - C 1 6 - C 1 7 1 1 8 . 4 ( 5 )
C l 1 - N 2 - C 2 2 1 1 3 . 3 ( 4 ) C 1 6 - C 1 7 - C 8 1 1 9 . 8 ( 5 )
C 1 1 - N 2 - C 3 3 1 1 3 . 1 ( 4 ) C 1 7 - C 1 8 - C 1 9 1 1 7 . 5 ( 5 )
C 2 2 - N 2 - C 3 3 1 1 4 . 6 ( 5 ) C 1 8 - C 1 9 - N 4 1 2 4 . 6 ( 5 )
N 1 - C 1 - C 2 1 0 8 . 8 ( 4 ) C 1 8 - C 1 9 - C 2 0 1 2 1 . 4 ( 5 )
C 1 - C 2 - 0 1 1 0 6 . 9 ( 4 ) N 4 - C 1 9 - C 2 0 1 1 4 . 0 ( 5 )
C 2 - 0 1 - C 3 1 1 1 . 6 ( 4 ) C 1 9 - C 2 0 - O 4 1 1 2 . 7 ( 4 )
0 1 - C 3 - C 4 1 1 2 . 6 ( 4 ) C2 0 - O4 - C2 1 1 1 2 . 3 ( 4 )
C 3 - C 4 - N 3 1 1 6 . 9 ( 5 ) 0 4 - C 2 1- C2 2 1 0 8 . 1 ( 4 )
C 3 - C 4 - C 5 1 2 0 . 6 ( 5 ) C 2 1 - C 2 2 - N 2 1 1 3 . 8 ( 4 )
N 3 - C 4 - C 5 1 2 3 . 5 ( 5 ) N 1 - C 2 3 - C 2 4 1 1 1 . 3 ( 4 )
253
C 4 - N 3 - C 8 1 1 6 . 6 ( 4 ) C 2 3 - C 2 4 - 0 5 1 0 6 . 5 ( 4 )
C 4 - C 5 - C 6 1 1 7 . 9 ( 5 ) C 2 4 - 0 5 - C 2 5 1 1 3 . 6 ( 4 )
C 5 - C 6 - C 7 1 2 0 . 2 ( 5 ) 0 5 - C 2 5 - C 2 6 1 0 7 . 2 ( 4 )
C 6 - C 7 - C 8 1 1 7 . 4 ( 5 ) C 2 5 - C 2 6 - N 5 1 1 3 . 9 ( 6 )
C 7 - C 8 - N 3 1 2 4 . 4 ( 5 ) C 2 5 - C 2 6 - C 2 7 1 2 2 . 3 ( 5 )
C 7 - C 8 - C 9 1 2 0 . 5 ( 5 ) N 5 - C 2 6 - C 2 7 1 2 3 . 8 ( 5 )
N 3 - C 8 - C 9 1 1 5 . 0 ( 5 ) C 2 6 - N 5 - C 3 0 1 1 7 . 4 ( 9 )
C 8 - C 9 - 0 2 1 0 8 . 8 ( 4 ) C 2 6 - C 2 7 - C 2 8 1 1 6 . 9 ( 5 )
C 9 - 0 2 - C 1 0 1 1 5 . 7 ( 4 ) C 2 7 - C 2 8 - C 2 9 1 1 8 . 1 ( 5 )
O 2 - C 1 0 - C 1 1 1 0 8 . 3 ( 4 ) C 2 8 - C 2 9 - C 3 0 1 1 9 . 2 ( 5 )
C 1 0 - C 1 1 - N 2 1 1 2 . 4 ( 4 ) C 2 9 - C 3 0 - N 5 1 2 3 . 4 ( 5 )
N 1 - C 1 2 - C 1 3 1 1 1 . 7 ( 4 ) C 2 9 - C 3 0 - C 3 1 1 2 1 . 4 ( 5 )
C 1 2 - C 1 3 - 0 3 1 0 7 . 5 ( 3 ) N5 - C3 0 -C 3 1 1 1 5 . 2 ( 6 )
C 1 3 - 0 3 - C 1 4 1 1 2 . 2 ( 3 ) C 3 0 - C 3 1 - 0 6 1 1 3 . 3 ( 4 )
0 3 - C 1 4 - C 1 5 1 1 2 . 2 ( 4 ) C 3 1- 0 6 - C 3 2 1 1 1 . 5 ( 4 )
C 1 4 - C 1 5 - N 4 1 1 3 . 9 ( 5 ) 0 6 - C 3 2 - C 3 3 1 0 6 . 5 ( 4 )
C 1 4 - C 1 5 - C 1 6 1 2 2 . 6 ( 5 ) C 3 2 - C 3 3 - N 2 1 1 1 . 7 ( 4 )
C o o r d i n a t e s  f o r  2 76
A t o m s  x Y 1
N l  0 . 8 1 4 1 ( 5 )  0 . 8 5 9 8 ( 4 )  0 . 0 5 5 6 ( 2 )
C l  0 . 9 4 7 1 ( 6 )  0 . 8 5 4 2 ( 5 )  0 . 0 8 4 6 ( 2 )
C2 1 . 0 0 2 4 ( 6 )  0 . 6 9 5 8 ( 5 )  0 . 1 2 6 0 ( 2 )
01 1 . 1 3 5 9 ( 4 )  0 . 6 9 3 8 ( 4 )  0 . 1 5 2 1 ( 1 )
C3 1.1772(6) 0.5624(5) 0.2004(2)
1 . 0 4 5 4 ( 6 )  
1 . 0 2 8 7 ( 5 )  
0 . 9 4 9 7 ( 6 )  
0 . 8 3 1 9 ( 6 )  
0 . 8 1 1 1 ( 6 )  
0 . 9 1 2 5 ( 7 )  
0 . 8 9 5 8 ( 6 )  
0 . 7 4 6 5 ( 5 )  
0 . 7 1 0 0 ( 6 )  
0 . 5 2 8 3 ( 7 )  
0 . 4 1 4 1 ( 6 )  
0 . 6 9 1 4 ( 6 )  
0 . 5 4 6 4 ( 6 )  
0 . 4 4 1 1 ( 4 )  
0 . 3 1 6 0 ( 5 )  
0 . 3 8 4 2 ( 6 )  
0 . 2 8 2 7 ( 4 )  
0 . 5 3 3 4 ( 6 )  
0 . 5 8 0 8 ( 6 )  
0 . 4 7 9 3 ( 6 )  
0 . 3 3 4 0 ( 7 )  
0 . 2 2 2 7 ( 6 )  
0 . 2 6 0 1 ( 4 )  
0 . 1 8 0 3 ( 6 )  
0 . 2 5 1 6 ( 7 )  
0 . 8 6 6 1 ( 6 )
0 . 5 8 4 1 ( 7 )  
0 . 4 4 9 3 ( 5 )  
0 . 7 3 5 9 ( 6 )  
0 . 7 4 7 9 ( 6 )  
0 . 6 1 1 4 ( 6 )  
0 . 4 6 6 7 ( 6 )  
0 . 3 1 1 9 ( 5 )  
0 . 3 4 7 2 ( 4 )  
0 . 2 1 3 9 ( 5 )  
0 . 2 7 0 6 ( 5 )  
0 . 3 3 3 6 ( 5 )  
1 . 0 2 0 1 ( 5 )  
1 . 0 5 5 7 ( 5 )  
0 . 9 7 1 9 ( 3 )  
0 . 9 7 6 8 ( 5 )  
0 . 8 5 7 6 ( 5 )  
0 . 8 8 5 7 ( 4 )  
0 . 7 2 9 8 ( 5 )  
0 . 6 2 4 0 ( 5 )  
0 . 6 4 7 7 ( 5 )  
0 . 7 8 1 1 ( 6 )  
0 . 8 2 5 3 ( 5 )  
0 . 6 9 8 1 ( 4 )  
0 . 5 8 5 2 ( 6 )  
0 . 4 4 1 4 ( 6 )  
0 . 7 7 2 1 ( 5 )
0 . 2 5 6 4 ( 2 )  
0 . 2 9 1 5 ( 2 )  
0 . 2 6 9 4 ( 2 )  
0 . 3 2 1 0 ( 2 )  
0 . 3 5 8 2 ( 2 )  
0 . 3 4 1 5 ( 2 )  
0 . 3 7 9 4 ( 2 )  
0 . 4 1 8 9 ( 2 )  
0 . 4 5 6 4 ( 2 )  
0 . 4 8 5 6 ( 2 )  
0 . 4 4 1 4 ( 2 )  
0 . 0 4 2 7 ( 2 )  
0 . 0 9 5 9 ( 2 )  
0 . 0 9 3 4 ( 1 )  
0 . 1 4 5 4 ( 2 )  
0 . 2 0 0 0 ( 2 ) 
0 . 2 5 3 5 ( 2 )  
0 . 1 9 4 8 ( 2 )  
0 . 2 4 6 6 ( 2 )  
0 . 3 0 2 0 ( 2 )  
0 . 3 0 2 7 ( 2 )  
0 . 3 6 1 7 ( 2 )  
0 . 4 1 1 8 ( 1 )  
0 . 4 1 6 2 ( 2 )  
0 . 4 6 3 2 ( 2 )  
0 . 0 0 4 8 ( 2 )
C24 0 . 7 5 8 0 ( 6 ) 0 . 6 7 2 9 ( 5 ) 0 . 0 1 0 1 ( 2 )
0 5 0 . 7 9 9 7 ( 4 ) 0 . 5 4 5 7 ( 4 ) 0 . 0 6 0 3 ( 1 )
C25 0 . 6 8 3 1 ( 6 ) 0 . 4 6 4 4 ( 5 ) 0 . 0 8 0 8 ( 2 )
C26 0 . 7 2 8 5 ( 8 ) 0 . 3 5 3 1 ( 5 ) 0 . 1 3 9 2 ( 2 )
N5 0 . 6 0 8 2 ( 5 ) 0 . 2 9 7 2 ( 5 ) 0 . 1 7 1 2 ( 2 )
C27 0 . 8 7 9 2 ( 7 ) 0 . 3 1 6 7 ( 6 ) 0 . 1 5 7 4 ( 2 )
C28 0 . 9 0 7 7 ( 6 ) 0 . 2 1 9 4 ( 6 ) 0 . 2 1 3 6 ( 3 )
C29 0 . 7 8 3 2 ( 7 ) 0 . 1 6 2 5 ( 5 ) 0 . 2 4 7 6 ( 2 )
C30 0 . 6 3 8 3 ( 7 ) 0 . 2 0 1 9 ( 6 ) 0 . 2 2 5 1 ( 2 )
C31 0 . 5 0 0 7 ( 6 ) 0 . 1 3 7 1 ( 5 ) 0 . 2 5 9 2 ( 2 )
0 6 0 . 4 9 1 0 ( 4 ) 0 . 1 0 8 9 ( 4 ) 0 . 3 2 3 4 ( 1 )
C32 0 . 4 3 8 8 ( 6 ) 0 . 2 5 1 6 ( 5 ) 0 . 3 4 5 3 ( 2 )
C33 0 . 4 1 0 0 ( 6 )
23
4 * 1!
0 . 2 0 9 4 ( 6 ) 0 . 4 1 2 9 ( 2 )
« r £  + 2 C I 0 4
n 33 +n
C r y s t a l  d a t a :  [C H N 0  ] 2 + (C10  ) *2H 0 ,  F W = 8 4 4 . 7 ,
33 47 5 6  4 2 2
t r i c l i n i c  s p a c e  g r o u p  P I ,  £ = 8 . 9 8 3 ( 4 ) ,  b = 2 9 . 0 0 7 ( 8 ) ,
c = 8 . 9 6 6 ( 5 ) A,  a = 9 2 . 0 1 ( 3 ) ,  0 = 1 1 7 . 6 3 ( 4 ) ,  y = 8 7 . 5 6 ( 3 ) ° ,  2 = 2 ,
d  = 1 . 3 5 7  g / c m ^ .  R = 0 . 0 8 2  f o r  1453  o b s e r v e d  d a t a  
c
m e a s u r e d  w i t h  MoKfl r a d i a t i o n .
Bond  D i s t a n c e s  f o r  277
256
o
A t o m s D i s t a n c e  A
N1-C1 1 . 5 2 2 1 2 )
C1 - C2 1 . 5 0 0 14)
C 2 - 01 1 . 4 0 4 1 2 )
0 1 - C 3 1 . 3 8 8 1 1 )
C3 - C4 1 . 5 2 1 1 2 )
C4-N3 1 . 2 9 5 1 0 )
C4 - C5 1 . 4 0 4 1 1 )
C 5 - C6 1 . 3 9 0 1 2 )
C 6 - C7 1 . 3 2 8 1 2 )
C 7 - C8 1 . 3 8 9 1 1 )
C8-N3 1 . 3 4 5 1 0 )
C 8 - C9 1 . 4 4 8 1 2 )
C 9 - 0 2 1 . 4 1 1 1 1 )
O2 - C 10 1 . 4 1 5 1 2 )
C 1 0 - C 1 1 1 . 4 9 7 13)
C l 1 - N 2 1 . 5 1 5 1 2 )
N 1 - C 1 2 1 . 4 6 2 1 2 )
C 1 2 - C 1 3 1 . 4 7 8 14)
C 1 3 - 0 3 1 . 4 4 3 13)
0 3 - C 1 4 1 . 4 1 9 1 2 )
C 1 4 - C 1 5 1 . 4 7 0 13)
C15- N4 1 . 3 3 6 1 1 )
C 1 5 - C 1 6 1 . 3 6 8 1 2 )
C 1 6 - C 1 7 1 . 3 4 7 1 2 )
A t o ms D i s t a n c e  A
C 1 7 - C 1 8 1 . 3 9 9 1 2 )
C 1 8 - C 1 9 1 . 3 9 5 1 1 )
C19-N4 1 . 3 1 6 1 0 )
C 1 9 - C2 0 1 . 4 9 2 1 2 )
C20-O4 1 . 3 9 0 1 1 )
0 4 - C2 1 1 . 3 8 7 1 2 )
C 2 1 - C 2 2 1 . 5 1 0 14)
C22-N2 1 . 4 8 5 1 1 )
N1-C23 1 . 4 7 9 11 )
C23 - C2 4 1 . 4 7 5 13)
C 2 4 - 0 5 1 . 4 1 7 1 2 )
0 5 - C 2 5 1 . 4 0 7 11 )
C 2 5 - C 2 6 1 . 4 9 3 1 2 )
C26- N5 1 . 2 9 5 1 0 )
C 2 6 - C 2 7 1 . 3 9 6 1 1 )
C 2 7 - C 2 8 1 . 3 6 7 1 2 )
C 2 8 - C2 9 1 . 3 8 4 13)
C 2 9 - C3 0 1 . 3 6 1 1 1 )
C30- N5 1 . 3 5 4 1 0 )
C30-C31 1 . 4 8 2 1 2 )
C 3 1 - 0 6 1 . 4 0 3 1 1 )
0 6 - C 3 2 1 . 4 3 7 1 2 )
C 3 2 - C 3 3 1 . 4 8 6 13)
C33- N2 1 . 4 6 2 1 1 )
257
Bond A n g l e s  f o r  2 77
A t o m s A n g l e  “ A t o m s A n g l e  D
C 1 - N 1 - C 1 2 1 1 4 . 6 ( 8 ) N 4 - C 1 5 - C 1 6 1 2 1 . 4 ( 1 0 )
C 1 - N 1 - C 2 3 1 1 2 . 4 ( 8 ) C 1 5 - N 4 - C 1 9 1 1 8 . 0 ( 9 )
C 1 2 - N 1 - C 2 3 1 1 2 . 5 ( 8 ) C 1 5 - C 1 6 - C 1 7 1 2 0 . 7 ( 1 0 )
Cl  1- N 2 - C 2 2 1 1 0 . 9 ( 8 ) C 1 6 - C 1 7 - C 8 1 1 9 . 8 ( 1 0 )
C l 1 - N 2 - C 3 3 1 1 3 . 8 ( 8 ) C 1 7 - C 1 8 - C 1 9 1 1 5 . 3 ( 1 0 )
C 2 2 - N 2 - C 3 3 1 1 2 . 6 ( 8 ) C 1 8 - C 1 9 - N 4 1 2 4 . 9 ( 9 )
N 1 - C 1 - C 2 1 0 9 . 5 ( 9 ) C 1 8 - C 1 9 - C 2 0 1 1 9 . 2 ( 1 0 )
C 1 - C 2 - 0 1 1 0 7 . 4 ( 9 ) N 4 - C 1 9 - C 2 0 1 1 5 . 9 ( 9 )
C 2 - 0 1 - C 3 1 1 4 . 4 ( 8 ) C 1 9 - C 2 0 - O 4 1 1 0 . 5 ( 8 )
0 1 - C 3 - C 4 1 1 0 . 4 ( 8 ) C 2 0 - O 4 - C 2 1 1 1 5 . 4 ( 8 )
C 3 - C 4 - N 3 1 1 6 . 9 ( 9 ) 0 4 - C 2 1- C 2 2 1 0 7 . 1 ( 9 )
C 3 - C 4 - C 5 1 1 7 . 5 ( 9 ) C 2 1- C 2 2 - N 2 1 0 9 . 4 ( 9 )
N 3 - C 4 - C 5 1 2 5 . 6 ( 9 ) N 1 - C 2 3 - C 2 4 1 1 3 . 1 ( 1 0 )
C 4 - N 3 - C 8 1 1 8 . 9 ( 9 ) C 2 3 - C 2 4 - 0 5 1 0 4 . 8 ( 9 )
C 4 - C 5 - C 6 1 1 3 . 2 ( 9 ) C 2 4 - 0 5 - C 2 5 1 1 3 . 7 ( 8 )
C 5 - C 6 - C 7 1 2 3 . 8 ( 10) 0 5 - C 2 5 - C 2 6 1 1 0 . 0 ( 9 )
C 6 - C 7 - C 8 1 1 9 . 4 ( 1 0 ) C 2 5 - C 2 6 - N 5 1 1 6 . 8 ( 9 )
C 7 - C 8 - N 3 1 2 0 . 1 ( 9 ) C 2 5 - C 2 6 - C 2 7 1 1 8 . 8 ( 1 0 )
C 7 - C 8 - C 9 1 2 3 . 0 ( 1 0 ) N 5 - C 2 6 - C 2 7 1 2 4 . 4 ( 1 0 )
N 3 - C 8 - C 9 1 1 7 . 0 ( 9 ) C 2 6 - N 5 - C 3 0 1 1 7 . 4 ( 9 )
C 8 - C 9 - 0 2 1 0 8 . 8 ( 9 } C 2 6 - C 2 7 - C 2 8 1 1 6 . 2 ( 1 0 )
C 9 - 0 2 - C 1 0 1 1 4 . 7 ( 8 ) C 2 7 - C 2 8 - C 2 9 1 2 1 . 6 ( 1 0 )
O 2 - C 1 0 - C 1 1 1 0 5 . 9 ( 9 ) C 2 8 - C 2 9 - C 3 0 1 1 6 . 5 ( 1 0 )
C 1 0 - C 1 1 - N 2  
N 1 - C 1 2 - C 1 3 
C 1 2 - C 1 3 - 0 3  
C 1 3 - 0 3 - C 1 4  
0 3 - C 1 4 - C 1 5 
C 1 4 - C 1 5 - N 4  
C 1 4 - C 1 5 - C 1 6
A t o m s
C11
C12
01
02
0 3
0 4
0 5
06  
N 1 
N2 
N3 
N4 
N5 
C1 
C2
1 1 1 . 1 ( 9 )  
1 1 2 . 1 ( 1 0 ) 
1 0 5 . 4 ( 9 )  
1 1 3 . 6 ( 9 )  
1 0 9 . 3 ( 9 )  
1 1 5 . 6 ( 1 0 )  
1 2 3 . 1 ( 1 0 )
C29-C30-N5
C 2 9 - C 3 0 - C 3 1
N 5 - C3 0 -C 3 1
C 3 0 - C 3 1 - O 6
C 3 1- 0 6 - C 3 2
0 6 - C 3 2 - C 3 3
C 3 2 - C 3 3 - N 2
123.8(10)
1 1 9 . 4 ( 1 0 )
1 1 6 . 7 ( 9 )
1 0 9 . 2 ( 8 )
1 1 3 . 8 ( 8 )
1 0 3 . 4 ( 9 )
1 1 2 . 4 ( 9 )
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x
0 . 5 9 1 9 ( 5 )  
1 . 2 3 2 0 ( 5 )  
0 . 5 4 5 0 ( 1 )  
0 . 8 3 3 0 ( 1 )  
0 . 8 9 6 0 ( 1  ) 
1 - 1 9 7 0 ( 1 )  
0 . 9 4 0 0 ( 1 )  
1 . 2 2 4 0 (  1 ) 
0 . 7 2 4 (  1 ) 
1 . 1 6 1 ( 1 )  
0 . 5 9 4 ( 1  ) 
1 . 1 3 0 ( 1  ) 
1 . 0 9 4 0 ( 1 )  
0 . 5 3 6 0 ( 2 )  
0 . 4 6 5 ( 2 )
y.
0 . 5 6 2 3 ( 2 )
- 0 . 0 6 3 3 ( 1  )
0 . 3 3 7 6 ( 3 )
0 . 1 1 7 1 ( 4 )
0 . 3 5 5 6 ( 4 )
0 . 1 3 5 9 ( 3 )
0 . 3 8 1 7 ( 3 )
0 . 1 6 2 1 ( 3 )
0 . 4 1 6 8 ( 4 )
0 . 0 8 0 9 ( 4 )
0 . 2 1 7 0 ( 4 )
0 . 2 5 0 0 ( 4 )
0 . 2 7 9 5 ( 4 )
0 . 4 1 7 4 ( 6 )
0 . 3 7 2 2 ( 6 )
z
0 . 2 6 2 5 ( 6  
0 . 9 5 4 7 ( 5  
0 . 3 7 8 0 ( 1  
0 . 6 0 7 0 ( 1  
0 . 2 8 0 0 ( 1  
0 . 5 3 8 0 ( 1  
0 . 7 1 2 0 ( 1  
0 . 9 5 5 0 ( 1  
0 . 3 9 7 ( 1 )  
0 . 7 6 6 ( 1 )  
0 . 4 1 6 ( 1  ) 
0 . 3 9 6 ( 1 )  
0 . 9 3 6 ( 1  ) 
0 . 3 4 3 ( 2 )  
0 . 2 5 9 ( 2 )
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C3 0 . 4 8 7 ( 2 ) 0 . 2 9 3 5 ( 5 ) 0 . 3 2 1 ( 2 )
C4 0 . 5 7 6 ( 2 ) 0 . 2 5 8 9 ( 5 ) 0 . 4 6 1 ( 2 )
C5 0 . 6 3 4 ( 2 ) 0 . 2 7 5 1 ( 5 ) 0 . 6 2 8 ( 2 )
C6 0 . 7 0 8 ( 2 ) 0 . 2 4 0 6 ( 5 ) 0 . 7 4 6 ( 2 )
C7 0 . 7 2 6 ( 2 ) 0 . 1 9 7 1 ( 5 ) 0 . 7 0 4 ( 2 )
C8 0 . 6 7 1 ( 2 ) 0 . 1 8 5 2 ( 5 ) 0 . 5 3 6 ( 1 )
C9 0 . 6 8 9 ( 2 ) 0 . 1 3 8 8 ( 5 ) 0 . 4 7 9 ( 2 )
C10 0 . 8 5 7 ( 2 ) 0 . 0 7 0 0 ( 6 ) 0 . 5 7 4 ( 2 )
C 1 1 1 . 0 0 8 ( 2 ) 0 . 0 5 3 1 ( 6 ) 0 . 7 2 9 ( 2 )
C 12 , 0 . 7 6 4 ( 2 ) 0 . 4 2 7 3 ( 6 ) 0 . 2 6 2 ( 2 )
C13 0 . 9 2 3 ( 2 ) 0 . 4 0 4 5 ( 6 ) 0 . 2 8 4 ( 2 )
C14 1 . 0 4 3 ( 2 ) 0 . 3 2 7 8 ( 6 ) 0 . 3 1 9 ( 2 )
C15 1 . 0 0 1 ( 2 ) 0 . 2 7 8 9 ( 5 ) 0 . 3 0 8 ( 2 )
0 1 A 1 . 2 9 5 ( 2 ) - 0 . 1 0 6 3 ( 5 ) 0 . 9 8 1 ( 2 )
02A 1 . 0 6 5 ( 2 ) - 0 . 0 6 2 6 ( 6 ) 0 . 8 5 5 ( 2 )
03A 1 . 2 9 5 ( 2 ) - 0 . 0 4 1 4 ( 6 ) 0 . 8 6 8 ( 2 )
04A 1 . 2 9 1 ( 2 ) - 0 . 0 4 0 0 ( 7 ) 1 . 1 0 0 ( 2 )
05A 0 . 6 0 2 ( 2 ) 0 . 5 9 8 9 ( 6 ) 0 . 3 4 8 ( 2 )
06A 0 . 5 0 0 ( 2 ) 0 . 5 2 8 5 ( 5 ) 0 . 2 7 2 ( 2 )
07A 0 . 7 4 2 ( 2 ) 0 . 5 5 0 8 ( 7 ) 0 . 2 9 8 ( 3 )
08A 0 . 5 3 1 ( 3 ) 0 . 5 7 7 5 ( 1 1 ) 0 . 1 2 3 ( 2 )
01W 0 . 1 9 3 ( 3 ) 0 . 4 8 1 8 ( 9 ) 0 . 0 1 9 ( 3 )
02W 0 . 3 2 4 ( 3 ) 0 . 0 2 8 0 ( 9 ) 0 . 3 2 4 ( 3 )
Cl  6 0 . 8 4 2 ( 2 ) 0 . 2 6 3 2 ( 5 ) 0 . 2 1 2 ( 2 )
C17 0 . 8 1 2 ( 2 ) 0 . 2 1 7 8 ( 5 ) 0 . 2 0 2 ( 2 )
C18 0 . 9 4 4 ( 2 ) 0 . 1 8 6 5 ( 5 ) 0 . 2 9 4 ( 2 )
260
C19 1 . 1 0 1 ( 2 ) 0 . 2 0 5 8 ( 5 ) 0 . 3 8 9 (  1 )
C20 1 . 2 4 8 ( 2 ) 0 . 1 7 5 1 ( 5 ) 0 . 4 9 2 ( 2 )
C21 1 . 3 2 3 ( 2 ) 0 . 1 0 3 5 ( 6 ) 0 . 6 2 6 ( 2 )
C22 1 . 2 4 2 ( 2 ) 0 . 0 6 3 9 ( 6 ) 0 . 6 6 2 ( 2 )
C23 0 . 8 1 7 ( 2 ) 0 . 4 4 5 3 ( 6 ) 0 . 5 5 0 ( 2 )
C24 0 . 8 4 5 ( 2 ) 0 . 4 2 2 5 ( 6 ) 0 . 7 0 6 ( 2 )
C25 0 . 9 9 0 ( 2 ) 0 . 3 5 6 3 ( 5 ) 0 . 8 6 0 ( 2 )
C26 1 . 1 0 1 ( 2 ) 0 . 3 1 6 2 ( 5 ) 0 . 8 6 2 ( 2 )
C27 1 . 2 1 1 ( 2 ) 0 . 3 2 1 4 ( 5 ) 0 . 7 9 4 ( 2 )
C28 1 . 3 1 0 ( 2 ) 0 . 2 8 3 6 ( 6 ) 0 . 8 0 0 ( 2 )
C29 1 . 3 0 5 ( 2 ) 0 . 2 4 3 2 ( 5 ) 0 . 8 7 5 ( 2 )
C30 1 . 1 9 5 ( 2 ) 0 . 2 4 3 0 ( 5 ) 0 . 9 4 1 ( 2 )
C31 1 . 1 8 8 ( 2 ) 0 . 2 0 1 5 ( 5 ) 1 . 0 2 9 ( 2 )
C32 1 . 2 2 6 ( 2 ) 0 . 1 1 9 8 ( 6 ) 1 . 0 3 5 ( 2 )
C33 1 . 2 8 0 ( 2 ) 0 . 0 8 4 4 ( 6 ) 0 . 9 4 5 ( 2 )
A p p e n d i x  I I  
C o n v e n i e n t  D e a l k y l a t i o n  
o f  Q u a t e r n a r y  Ammonium S a l t s
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CONVENIENT DEALKYLATION OF QUATERNARY 
AMMONIUM SALTS
G e o r g e  R . N ew ko m e* , V e r o n i c a  M a j e s t i c  
D e p a r t m e n t  o f  C h e m i s t r y ,  L o u i s i a n a  S t a t e  U n i v e r s i t y  
B a t o n  R o u g e ,  L o u i s i a n a  70 B 0 3
J o e  D. S a u e r *
R e s e a r c h  a n d  D e v e l o p m e n t ,  E t h y l  C o r p o r a t i o n  
B a t o n  R o u g e ,  L o u i s i a n a  7 0 8 2 1
O v e r  t h e  p a s t  t w e n t y  y e a r s ,  n u m e r o u s  n e w  p r o c e d u r e s  h a v e  
b e e n  d e v i s e d  t o  d e a l k y l a t e  v a r i o u s  q u a t e r n a r y  am m onium  c o m p o u n d s .
T h e  e a r l y  d e a l k y l a t i o n s  o f  q u a t e r n a r y  am m onium  h a l i d e s  v i a  
p y r o l y s i s  g a v e  l o w  y i e l d s  o f  t h e  c o r r e s p o n d i n g  t e r t i a r y  a m i n e s  
a l o n g  w i t h  d e c o m p o s i t i o n  p r o d u c t s . 3 M o re  r e c e n t l y ,  r e a g e n t s 2 ' 5 
w i t h  e n h a n c e d  n u c l e o p h i l i c i t y  h a v e  b e e n  u t i l i z e d .  As a  
c o n s e q u e n c e ,  i t  h a s  b e c o m e  p o s s i b l e  t o  r e d u c e  r e a c t i o n  t e m p e r a t u r e s  
a n d  t i m e s  a n d  u l t i m a t e l y  p r o d u c t  d e g r a d a t i o n  c a n  b e  r e d u c e d .  I n  
1 9 5 0 ,  K e n n e r  a n d  M u r r a y 1* s u g g e s t e d  t h a t  d e m e t h y l a t i o n  o f  q u a t e r n a r y  
am m onium  s a l t s  o c c u r r e d  v i a  a n  SN2 a t t a c k  b y  h y d r i d e  i o n  f r o m  
l i t h i u m  a l u m i n u m  h y d r i d e ;  s u b s e q u e n t l y ,  C o p e  e t  a l . 5 d e m o n s t r a t e d  
t h e  g e n e r a l i t y  o f  t h i s  r e a g e n t .  S o d iu m  b o r o h y d r i d e  i n  p o l a r  a p r o t i c  
s o l v e n t s  h a s  a l s o  b e e n  s h o w n  t o  r e m o v e  r e d u c t i v e l y  a n  a l k y l  g r o u p  
f r o m  q u a t e r n a r y  am m onium  s a l t s  i n  s m o o t h  f a s h i o n . 2 T h e  u s e  o f  
" S u p e r - H y d r i d e " 6 t o  d e a l k y l a t e  am m onium  c o m p o u n d s  h a s  b e e n  r e p o r t e d '  
a n d  h i g h  s e l e c t i v i t y  f o r  r e m o v a l  o f  a  m e t h y l  g r o u p  f r o m  
PhN (C2H 5 ) ( C H 3 ) 2 I  w a s  d e m o n s t r a t e d .  We h e r e i n  d e s c r i b e  a  c o n v e n i e n t  
p r o c e d u r e  t o  d e a l k y l a t e  q u a t e r n a r y  am m onium  c o m p o u n d s  w i t h
" L - S e l e c t r i d e "  ( l i t h i u m  t r i - s e c - b u t y l b o r o h v d r i d e ) 6 a n d  v i a  
a p p l i c a t i o n  o f  t h i s  p r o c e d u r e  t o  m i x t u r e s  o f  q u a t e r n a r y  am m onium  
s a l t s ,  a  n e a r  q u a n t i t a t i v e  a n a l y s e s  c a n  b e  r e a l i z e d .
T o  e v a l u a t e  t h e  d e a l k y l a t i o n  p r o c e d u r e ,  s a m p l e s  o f  c o m m e r c i a l *  
d o d e c y l - ,  t e t r a d e c y l - ,  a n d  h e x a d e e y l d i m e t h y l a m i n e  w e r e  i n i t i a l l y  
q u a t e r n i z e d  w i t h  m e t h y l  b r o m i d e  i n  e t h a n o l  t o  g i v e ,  i n  q u a n t i t a t i v e  
y i e l d ,  t h e  e x p e c t e d  m e t h y l  q u a t s .  A l t h o u g h  t h e  c o m m e r c i a l  a m i n e s  
w e r e  >95% a  s i n g l e  c o m p o n e n t ,  i n  o r d e r  t o  m a i n t a i n  t h e  i n i t i a l  
a m i n e  d i s t r i b u t i o n ,  t h e  r e s u l t a n t  q u a t  m i x t u r e  w a s  n o t  p u r i f i e d ,  
b u t  r a t h e r  w a s  t r e a t e d  w i t h  " L - S e l e c t r i d e "  i n  r e f l u x i n g  t o l u e n e  
( G e n e r a l  P r o c e d u r e ) . T h e  r e a c t i o n  c o n d i t i o n s  d e s c r i b e d  a p p e a r  
t o  b e  m o r e  r i g o r o u s  t h a n  n e c e s s a r y ;  h o w e v e r  s l i g h t  m o d i f i c a t i o n s  
o f  t h e s e  c o n d i t i o n s  p r o d u c e d  l i t t l e  o r  n o  v a r i a n c e  i n  t h e  r e s u l t i n g  
a m i n e  d i s t r i b u t i o n s .  I n  a l l  c a s e s ,  a n a l y s e s 9 s h o w e d  t h a t  
d e a l k y l a t i o n  w a s  h i g h l y  s e l e c t i v e  f o r  a  m e t h y l  g r o u p .  T h e  r e c o v e r e d  
d e a l k y l a t e d  a m i n e  m i x t u r e s  w e r e  sh o w n  t o  b e ,  w i t h i n  e x p e r i m e n t a l  
e r r o r ,  n e a r l y  i d e n t i c a l  t o  t h e  s t a r t i n g  a m i n e  d i s t r i b u t i o n .
L i B ( 2 - C ^ H 9 )3H
f  I
RN(CH3 ) 2 + CH3B r  + RN(CH3) 3B r
D e a l k y l a t i o n  o f  c o m m e r c i a l  q u a t  f o r m u l a t i o n s  b y  t h i s  
p r o c e d u r e  p r o v e d  t o  b e  a  c o n v e n i e n t  r o u t e  t o  t h e  t e r t i a r y  a m i n e s  
a s  w e l l  a s  d e m o n s t r a t e d  t h e  u t i l i t y  u n d e r  d i f f i c u l t  c o n d i t i o n s .
ft TME t h y l  C o r p o r a t i o n  ADMA p r o d u c t s .
S u b s e q u e n t  a n a l y s e s  o f  t h e  m i x t u r e s  b y  s t a n d a r d  GLC t e c h n i q u e s
r e s u l t e d  i n  r e l i a b l e  d e s c r i p t i o n s  o f  t h e  c o m p o s i t i o n s  o f  t h e s e
o f t e n  c o m p l e x  c o m m e r c i a l  p r o d u c t s .  E x p e r i m e n t a l  v a l u e s  o b t a i n e d
f o r  s e v e r a l  o f  t h e s e  p r o d u c t s  a r e  c o m p a r e d  w i t h  t h e  c o m p o s i t i o n s
a n n o u n c e d  b y  t h e i r  p r o d u c e r s  i n  T a b l e  I I .  C e t r a m i d ^ ,
t e t r a d e c y l t r i m e t h y l a m m o n i u m  b r o m i d e ,  w a s  s e l e c t i v e l y  d e m e t h y l a t e d
t o  g i v e  q u a n t i t a t i v e l y  a  p r e d o m i n a n t  0 9 . 2 % )  a m i n e  i n  f a v o r a b l e
(R;c o r r e l a t i o n  w i t h  t h e  r e p o r t e d  c o m p o s i t i o n .  B a r d a c ^ ,  a  m i x t u r e  
o f  d i o c t y l d i m e t h y l - ,  o c t y l d e c y l d i m e t h y l - ,  a n d  d i d e c y l d i m e t h y l -  
am m onium  c h l o r i d e s ,  a l s o  u n d e r w e n t  s e l e c t i v e  d e m e t h y l a t i o n , 
q u a n t i t a t i v e l y  y i e l d i n g  t h e  e x p e c t e d  d i s t r i b u t i o n  o f  
d i a l k y l m e t h y l a m i n e s .  H y a m in e  3 5 0 ( ^ ,  a  m i x t u r e  o f  a l k y l d i m e t h y l -  
b e n z y la m m o n i u m  c h l o r i d e s ,  a f f o r d e d ,  u p o n  d e a l k y l a t i o n ,  p r o d u c t s  
a r i s i n g  f r o m  l o s s  o f  e i t h e r  a  m e t h y l  o r  a  b e n z y l  g r o u p .  A l t h o u g h  
t h e  r e s u l t i n g  t e r t i a r y  a m i n e  m i x t u r e  i n  t h i s  c a s e  w a s  m o r e
PhCH2N (R ) (CH3) 2C1 + L iB  (2 - C i,H 9) 3H ■* PhCH2N (R )C H 3 + RN{CH3 ) 2
c o m p l e x ,  t h e  a g r e e m e n t  b e t w e e n  t h e  r e p o r t e d  c o m p o s i t i o n  a n d  t h e  
o b s e r v e d  a n a l y s i s  w a s  e x c e l l e n t .
T h i s  d e a l k y l a t i o n  p r o c e d u r e  p r o v i d e s  a  q u a n t i t a t i v e ,  g e n e r a l  
p r o c e d u r e  t o  l i b e r a t e  t e r t i a r y  a m i n e s  f r o m  t h e i r  c o r r e s p o n d i n g  
q u a t e r n a r y  s a l t .  A p p l i c a t i o n  t o  t h e  d e m e t h y l a t i o n  o r  d e b e n z y l a t i o n  
o f  s i m p l e  o r  c o m p l e x  m i x t u r e s  o f  t e t r a - a l k y l  am m onium  s a l t s  h a s  
b e e n  d e m o n s t r a t e d  t o  b e  c o n v e n i e n t  p r o c e d u r e  t o  a c c u r a t e l y  a s c e r t a i n  
a m i n e  d i s t r i b u t i o n s .
G e n e r a l  P r o c e d u r e  f o r  Q u a t e r n l z a t i o n  o f  T e r t i a r y  A m i n e s . A 
f l a s k  e q u i p p e d  w i t h  m e c h a n i c a l  s t i r r e r ,  g a s  i n l e t ,  a d d i t i o n  f u n n e l ,  
a n d  d r y  i c e - c o o l e d  c o n d e n s e r  w a s  c h a r g e d  w i t h  a b s o l u t e  e t h a n o l  
(1 5 0  mL) a n d  m e t h y l  b r o m i d e  ( 0 . 5  m o l ) .  T o  t h i s  s t i r r e d  s o l u t i o n ,  
c o m m e r c i a l  a l k y l d i m e t h y l a m i n e  ( c a .  0 . 5  m o l )  w a s  s l o w l y  a d d e d  u n d e r  
a  n i t r o g e n  a t m o s p h e r e .  A f t e r  a d d i t i o n  w a s  c o m p l e t e ,  t h e  e x t r e m e l y  
t h i c k  m i x t u r e  w a s  s t i r r e d  t h i r t y  m i n u t e s ,  t h e n  a l l o w e d  t o  s t a n d  a t  
a m b i e n t  c o n d i t i o n s  o v e r n i g h t .  T h e  s e m i - s o l i d  m a s s  w a s  b r o k e n  up  
w i t h  a b s o l u t e  e t h e r  (500  mL) a n d  t h e  s o l i d  p r o d u c t  ( a l k y l t r i m e t h y l -  
am m onium  b r o m i d e )  w a s  c o l l e c t e d  b y  f i l t r a t i o n .  T h i s  p r o c e d u r e  
r e s u l t e d  i n  p r a c t i c a l l y  q u a n t i t a t i v e  (95+% t h e o r e t i c a l )  y i e l d s  
o f  t h e  e x p e c t e d  p r o d u c t s .
G e n e r a l  P r o c e d u r e  f o r  D e a l k y l a t i o n  o f  Q u a t e r n a r y  A m i n e s . To 
a  s t i r r e d  s u s p e n s i o n  o f  t h e  a n h y d r o u s *  q u a t e r n a r y  am m onium  s a l t  
( 2 . 5  m m ol) i n  d r y  t o l u e n e  (2 5  m L ) , " L - S e l e c t r i d e "  i n  THF (5  mL,
5 m m ol)  w a s  s l o w l y  a d d e d  u n d e r  a  n i t r o g e n  a t m o s p h e r e .  T h e  m i x t u r e  
w a s  r e f l u x e d  f o r  o n e  h o u r ,  t h e n  c o o l e d ,  a n d  a q u e o u s  h y d r o c h l o r i c  
a c i d  (10% , 10 mL) w a s  a d d e d  s l o w l y .  A f t e r  n e u t r a l i z a t i o n  w i t h  
a q u e o u s  s o d i u m  h y d r o x i d e  ( 3 N ) ,  t h e  m i x t u r e  w a s  e x t r a c t e d  w i t h  
m e t h y l e n e  c h l o r i d e  (2 x  1 5  m L ) .  T h e  c o m b i n e d  e x t r a c t  w a s  d r i e d  
o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e  a n d  c o n c e n t r a t e d  i i i  v a c u o  t o  g i v e  
t h e  c o r r e s p o n d i n g  a m i n e  i n  n e a r l y  q u a n t i t a t i v e  y i e l d .  GLC a n a l y s i s
"'’S i n c e  m any c o m m e r c i a l  " q u a t s "  a r e  s u p p l i e d  i n  a q u e o u s ,  e t h a n o l i c  
s o l u t i o n ,  a  p r a c t i c a l  m e t h o d  f o r  p r e - d r y i n g  t h e  s a m p l e  w a s  n e c e s s a r y .  
S i m p l y  r e f l u x i n g  a  s o l u t i o n  o f  t h e  c o m m e r c i a l  m a t e r i a l  i n  e x c e s s  
t o l u e n e  w i t h  a  D e a n - S t a r k  t r a p  i n  p l a c e  p r o v e d  t o  b e  s a t i s f a c t o r y  
w i t h  a l l  o f  t h e  s a m p l e s  e x a m i n e d .  No f u r t h e r  d r y i n g  o r  s a m p l e  
p r e p a r a t i o n  w a s  r e q u i r e d  p r i o r  t o  t r e a t m e n t  w i t h  " L - S e l e c t r i d e " .
o f  t h e  a m i n e  m i x t u r e s  a r e  g i v e n  i n  T a b l e s  1  a n d  2 .  A l l  a m i n e  
s t r u c t u r e s  w e r e  a s c e r t a i n e d  b y  m a s s  s p e c t r a l  c o m p a r i s o n  t o  know n 
c o m p o u n d s . 9
A c k n o w l e d g e m e n t
We g r a t e f u l l y  a c k n o w l e d g e  t h e  N a t i o n a l  I n s t i t u t e  o f  H e a l t h  
(G. R . N . )  a n d  t h e  E t h y l  C o r p o r a t i o n  f o r  t h e i r  p a r t i a l  s u p p o r t  o f  
t h i s  w o r k .
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R 1R2R 3N
C o m p o u n d
D o d e c y l -
d i m e t h y l a m i n e
T e t r a d e c y l -  
d  im e  t h y 1 a m i n  e
H e x a d e c y l -
d i m e t h y l a m i n e
TABLE I .  DEMETHYLATION OF QUATERNARY SALTS 
DERIVED FROM COMMERCIAL FATTY AMINES
S t a r t i n g  A m in e  M i x t u r e  R e a c t i o n  . R e c o v e r e d  A m in e  M i x t u r e  
/ ' " ‘ j ' ” '  *'* ‘•” 1 ***' — ' C o n d i t i o n s  '-**■—  J  .-*— 1 —  *
R 1 R2 R 3 «
T im e
(m in )
T em p.
(°C ) %
r C i 0 c h 3 c h 3 0 . 3 a  a )  6 0 111 0 . 1
C 1 2 c h 3 c h 3 9 5 . 9 Vfb) 10 111 9 3 . 4
C m c h 3 c h 3 3 . 0 4 . 6
. C ] 6 c h 3 c h 3 0 . 8 . 1 . 9
C 32 c h 3 c h 3 1 . 2 60 111 1 . 1
C m
<
c u
c h 3
c h 3
c h 3
c h 3
9 7 . 0
1 . 8
9 4 . 5
4 . 0
Lc i e c h 3 c h 3 - 0 . 4
C l  2 c h 3 c h 3 0 . 1 60 111 0 . 3
c m c h 3 c h 3 2 . 2 1 . 2
C 1 6 c h 3 c h 3 9 7 . 2 9 5 . 0
jc 1 8 c h 3 c h 3 0 . 5 3 . 5
a E t h y l  C o r p o r a t i o n  ADMA™ P r o d u c t s .
^ V a r i o u s  r e a c t i o n  c o n d i t i o n s  g a v e  s i m i l a r  p r o d u c t  d i s t r i b u t i o n .
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TABLE X I ,  DEALKYLATION OF COMMERCIAL ALKYL AMMONIUM SALTS.
R e p o r t e d  C o m p o s i t i o n  o f
R> R2 R 3 R1* %
C l2 CHj CH3 c h 3
- 1
C m c h 3 c h 3 c h 3 1 0 0
C 1 6 c h 3 c h 3 c h 3 J
C ; C 6 c h 3 c h 3 2 5 "
Ce c i o c h 3 c h 3 50
c i o ClO c h 3 c h 3 25>
C] 2 c h 3 c h 3 PhCHz 6 o "
c ! 1, c h 3 c h 3 PhCH2 40
C l2 c h 3 c h 3 PhCH2 40
C l  t, c h 3 c h 3 PhCH2 50
C] i CHs c h 3 PhCHj 1 0 „
Q u a t e r n a r y  
Ammonium 
S a l t  Name13
C e t r i m i d e
R e a c t i o n
C o n d i t i o n s
R e c o v e r e d  A m in e  M i x t u r e  
( a f t e r  d e a l k y l a t i o n )
1B a r d a c,®  e
1B e n z a l k o n i u m  
C h l o r i d e ®  ^
T im e
( h r )
Tem p.
(°C ) R 1 R2 R 3 %
1 1 1 1 ''Cj 2 c h 3 CH5 0 . 1
' C i* c h 3 CH3 9 9 . 2
S i  6 c h 3 CH3 0 . 7
( a )  1 11 1 ' c e c £ CH; 1 6 . 5
(b )  3 1 1 1  { c 6 ClO CH3 4 6 . 5
( c ) 2 4 65  1S  i o c 1 0 CH3 3 6 . 5
1 1 1 1 "Cl2 c h 3 CH3 1 7 . 6
C1 2 CH3 PhCH2 3 4 . 4
Cj u CH j CH3 2 1 . 3
C i i, CH3 PhCH ; 2 6 . 7
( a )  1 1 1 1 "Cl 2 c h 3 CH3 1 4 . 0
( b ) 1 / 2 11 1 C] 2 c h 3 PhCH2 2 6 . 0
( c ) 2 4
( d )  24
6 5
35
C l 1, 
C m
c h 3
c h 3
CH3 1 9 . 5  
PhCH2 3 0 . 0
C 1 6 c h 3 CH 3 4 . 1
tC l 6 c h 3 PhCH2 6 . 4
(5 2 )
(46}
(4 0 )
( 4 9 . 5 )
( 1 0 . 5 )
C o m p o s i t i o n  a s  s t a t e d  o n  c h e m i c a l  s a m p l e .  T r a d e n a m e  o f  t e t r a a l k y l  
am m onium  s a l t .  V a r i o u s  r e a c t i o n  c o n d i t i o n s  g a v e  s i m i l a r  p r o d u c t  
d i s t r i b u t i o n s .  D a n o c h e m o ,  C o p e n h a g e n ,  D e n m a r k .  L o n z a ,  I n c . ,
F a i r  L a w n ,  N . J .  f Rohm & H a a s ,  C o . ,  P h i l a d e l p h i a ,  P A .
A p p e n d i x  I I I  
C h e m i s t r y  o f  H e t e r o c y c l i c  C o m p o u n d s .  
S y n t h e s i s  a n d  C o n f o r m a t i o n a l  S t u d i e s  o f  
M a c r o c y c l e s  P o s s e s s i n g  1 , 8 -  o r  1 , 5 - N a p h t h y r i d i n o  
S u b u n i t s  C o n n e c t e d  b y  C a r b o n - O x y g e n  B r i d g e s
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D u r i n g  o u r  r e c e n t  s t u d i e s  i n  t h e  s y n t h e s i s  o f  h e t e r o ­
m a c r o c y c l e s ,  2 w e h a v e  e v a l u a t e d  m a c r o l i g a n d s  c o n t a i n i n g
2 . 6 - p y r i d i n o , 1 2 , 4 - p y r i m i d i n o , * 2 , 6 - p y r a z i n o , 5 a n d
3 . 6 - d i a z i n o *  i n  o r d e r  t o  a s c e r t a i n  a  b e t t e r  m o l e c u l a r  
p i c t u r e  o f  m u l t i f u n c t i o n a l  c y c l i c  l i g a n d s .  T h e  s u c c e s s f u l  
i n c l u s i o n  o f  a  s i t e - l o c a l i z e d  c o m p l e x i n g  r e g i o n  w i t h i n  a  
m a c r o l i g a n d  h a s  r e c e n t l y  b e e n  r e p o r t e d *0 ' 7 h o w e v e r ,  
t h e s e  s u b u n i t s  h a v e  b e e n  l i m i t e d  g e n e r a l l y  t o  a  b i s - S c h i f f  
b a s e  m o i e t y ,  b e s t  r e p r e s e n t e d  b y  1 .  I n  v i e w  o f  t h e  l i m i t e d  
e x a m p l e s  o f  n a p h t h y r i d i n e  c o m p l e x e s , *  t h e  n o n e x i s t e n c e  o f  
m a c r o c y c l e s  c o n t a i n i n g  a  n a p h t h y r i d i n o  s u b u n i t , 1 a n d  t h e  
p r a c t i c a l  a p p l i c a t i o n  a s  m e d i c i n a l s , *  w e  h e r e i n  r e p o r t
t h e  s y n t h e s i s ,  s p e c t r a l  s t u d i e s ,  a n d  x - r a y  d a t a  o n  m a c r o ­
c y c l e s  p o s s e s s i n g  e i t h e r  a  1 , 8 -  o r  1 , 5 - n a p h t h y r i d i n o  
m o i e t y .
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1
S y n t h e s i s  o f  N a p h t h y r i d i n e  S t a r t i n g  M a t e r i a l s .  A .
2 , 6 - D i c h l o r o - l , 5 - n a p h t h y r i d i n e  l g ) .  B a r t 1 ® i n i t i a l l y  
p r e p a r e d  g f r o m  1 , 5 - n a p h t h y r i d i n e  d i - N - o x i d e  ^  u p o n  
t r e a t m e n t  w i t h  p h o s p h o r u s  o x y c h l o r i d e ,  w h e r e a s  e q u a l l y  
a t t r a c t i v e  r o u t e s  h a v e  b e e n  e m p l o y e d  s u c h  a s  t h e  t r e a t m e n t  
o f  1 , 5 - d i m e t h y l - l , 5 - n a p h t h y r i d i n e - 2 , 6 (1H_i 5H ) - d i o n e  w i t h  
a  m i x t u r e  o f  p h o s p h o r u s  p e n t a c h l o r i d e  a n d  p h o s p h o r u s  
o x y c h l o r i d e 11 a n d  t h e  r e a c t i o n  o f  2 - h y d r o x y - l , 5 - n a p h t h y r i d i n e  
5 - o x i d e 12 u n d e r  H a r t ' s  c o n d i t i o n s . 10 I n  v i e w  o f  t h e  
d i f f e r i n g  p h y s i c a l  p r o p e r t i e s  r e p o r t e d  f o r  g , 11“ 1 '  t h e  
a u t h e n t i c i t y  o f  2 w a s  r e c e n t l y  e s t a b l i s h e d . 1* R e p e t i t i o n  
o f  H a r t ' s  p r o c e d u r e  (S c h e m e  1 )  h a s  a f f o r d e d  (36%) g ,  
w h i c h  c o n f o r m s  t o  t h e  d e s i r e d  p h y s i c a l  a n d  s p e c t r a l  d a t a .
S c h e m e  1
0
4
0
3 2
B . 2 , 7 - D i c h l o r o - l , 6 - n a g h t h y r i d i n e .  -  T r e a t m e n t  o f
2 , 6 - d i a m i n o p y r i d i n e  w i t h  m a l i c  a c i d  i n  c o n c e n t r a t e d  s u l ­
f u r i c  a c i d  g a v e  (97f t)  2 - a m i n o - 7 - h y d r o x y - l , B - n a p h t h y r i d i n e  
( 4 ) , 1 * w h i c h  w a s  d i a z o t i z e d  w i t h  s o d i u m  n i t r i t e  i n  c o n ­
c e n t r a t e d  s u l f u r i c  a c i d  t o  g i v e  (8 7 f t)  2 , 7 - d i h y d r o x y - l , 8 -  
n a p h t h y r i d i n e  ( g ) . 11 U po n  t r e a t m e n t  o f  £  w i t h  r e f l u x i n g  
p h o s p h o r u s  o x y c h l o r i d e  a n d  p h o s p h o r u s  p e n t a c h l o r i d e  f o r  
t w o  h o u r s ,  t h e  d e s i r e d  £  w a s  i s o l a t e d  i n  81ft y i e l d  (S ch em e  
2 ) .  T h e  NMR s p e c t r u m  o f  £  s h o w e d  a n  a n t i c i p a t e d  AB 
p a t t e r n  w i t h  d o u b l e t s  a t  6 7 . 5  a n d  8 . 1  f o r  t h e  H - 3 , 6  a n d  
H - 4 , 5  p r o t o n s ,  r e s p e c t i v e l y .
S c h e m e  2
NHg
2 , 6 - ( 1 , 5 - N a g h t h y r i d i n o )  J l a c r o c y c l e s .  R e a c t i o n  o f
2 , 6 - d i c h l o r o - l , 5 - n a p h t h y r i d i n e  ( 2 )  w i t h  t h e  d i a n i o n ,  
g e n e r a t e d  f r o m  a n h y d r o u s  h e x a e t h y l e n e  g l y c o l  a n d  tw o  
e q u i v .  o f  s o d i u m  h y d r i d e ,  a f f o r d e d  t h e  d e s i r e d  1 : 1 - m a c r o -  
c y c l e  7 g  a s  w e l l  a s  t h e  2 : 2 - c o m p o u n d  8 a .  N u m e r o u s  o p e n -
c h a i n  c o m p o u n d s  w e r e  d e t e c t e d  b u t  n o t  c h a r a c t e r i z e d  
f u r t h e r  s i n c e  t h e y  w e r e  d e e m e d  s i m i l a r  t o  t h o s e  p r e v i o u s l y  
i s o l a t e d . i c  R e a c t i o n s  o f  |  w i t h  h e x a -  t o  d i e t h y l e n e
g l y c o l s  w e r e  c o n d u c t e d ,  i n  w h i c h  1 : l - m a c r o c y c l e s  (7 g  a n d  b) 
w e r e  i s o l a t e d  o n l y  f r o m  h e x a -  a n d  p e n t a e t h y l e n e  g l y c o l s ,  
r e s p e c t i v e l y ;  w h e r e a s ,  2 s 2 - m a c r o c y c l e s  ( § a - g )  w e r e  
i s o l a t e d  f r o m  t h e  r e s p e c t i v e  r e a c t i o n s .  I n s p e c t i o n  o f  
t h e  s p a c e - f i l l i n g  CPK m o d e l s  o f  7g  s u p p o r t s  t h e  f a c t  
t h a t  t h e  1 3 - m e m b e r e d  b r i d g e  i s  t o o  s h o r t  t o  s p a n  t h e  2 , 6 -  
p o s i t i o n s  o f  t h e  n a p h t h y r i d i n e  n u c l e u s  o n l y  w h e n  t h e  r e s t r i e  
t i v e ,  n e a r  z e r o ,  d i h e d r a l  a n g l e  c a u s e d  b y  t h e  i m i d a t e  
m o i e t y 17 i s  i m p o s e d .  T h e r e f o r e  t h e  b r i d g i n g  d i s t a n c e  i s  
n o t  t o  b e  c o n s i d e r e d  b e t w e e n  t h e  t w o  o - p o s i t i o n s  ( f i r s t
7 o ( n * 3 )  
“ bin* 2 ) 
cjn* I )
8 o  (n = 5)  
J l  (n * 4 )  
£_ ( n * 3 )  
j i  ( n • 2) 
i  (n « I ) 
_L(n * 0 )
a t o m s  f r o m  t h e  s u b h e t e r o c y c l i c  u n i t )  b u t  r a t h e r  b e t w e e n  
t h e  tw o  B - b r i d g e  p o s i t i o n s . 1 '  W i t h o u t  t h i s  c o n s t r a i n t ,  
d i c t a t e d  b y  t h e  p r e s e n c e  o f  t h e  t w o  i m i d a t e  g r o u p s ,  t h e  
t e t r a e t h y l e n e  g l y c o l  ( 1 3 - m e m b e r e d )  b r i d g e  m ay  b e  c o n -  
s t r u c t a b l e ,  f o r  e x a m p l e ,  i n  t h e  2 , 6 - b r i d g i n g  o f  t h e  
r e l a t e d  n a p h t h y l e n e  n u c l e u s .
T h e  s t r u c t u r e s  o f  t h e s e  C , 0 - m a c r o c y c l e s  w e r e  c o n ­
f i r m e d  b y  m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n s  ( m a s s  s p e c t r o ­
m e t r y -  a n d / o r  o s m o m e t r y )  a n d  l H NMR s p e c t r o s c o p y .  T h e  
3 ( 7 ) , 4 ( B ) - n a p h t h y r i d i n e  h y d r o g e n s  a p p e a r  a s  d o u b l e t s  
( J  =  9 H z) a t  6 7 . 0 - 7 . 1  a n d  7 . 6 - 8 . 6 ,  r e s p e c t i v e l y .  T he  
b r i d g i n g  m e t h y l e n e s  i n  7 p o s s e s s  v a r y i n g  d e g r e e s  o f  r i n g  
a n i s o t r o p y  a s  t h e  b r i d g e  s p a n s  t h e  f a c e  o f  t h e  n a p h t h y r i d i n e  
s u b u n i t .  F i g u r e  1  s h o w s  t h e  s e p a r a t i o n  o f  t h e  d i f f e r e n t  
m e t h y l e n e s  b y  r i n g  c u r r e n t  p r o x i m i t y .  T h e  c o r r e s p o n d i n g  
2 : 2 - m a c r o c y c l e s  ( 8 )  sh o w  c o n s i d e r a b l y  l e s s  d e s c r i m i n a t i o n  
b e t w e e n  t h e  v a r i o u s  m e t h y l e n e s ,  s i n c e  t h e y  a r e  n o t  s u b j e c t e d  
t o  t h e  e f f e c t s  o f  t h e  r i n g  c u r r e n t s .  F u r t h e r  e v i d e n c e  f o r  
t h e  e x i s t e n c e  o f  t h e  b r i d g e d  c o n f o r m a t i o n  i n  7 w a s  d e r i v e d  
f r o m  v a r i a b l e  t e m p e r a t u r e  NMR. A t  - 8 0 * C ,  t h e  2 - m e t h y l e n e  
p r o t o n  s i g n a l  c o a l e s c e d ,  i n d i c a t i v e  o f  a  s p e c i f i c  c o n ­
f o r m a t i o n  i m p o s e d  b y  t h e  r i g i d i t y  o f  t h e  n o n - m o b i l e  b r i d g i n g  
g l y c o l  m o i e t y ,  v e r y  s i m i l a r  t o  t h a t  r e c e n t l y  d e m o n s t r a t e d  
i n  t h e  2 , 2 ' - d i p y r i d y l  s e r i e s . , f » 1 '  T h e  i m i d a t e  m o i e t y  
a l s o  i m p o s e s  a n  a d d i t i o n a l  s p a n n i n g  d i s t a n c e . ' ^  T h e  e- 
a n d  5 -C H a  p r o t o n s  e x h i b i t  a  s h i e l d i n g  o f  1 . 4  ppm  c a u s e d
b y  t h e i r  d i r e c t  j u x t a p o s i t i o n  t o  t h e  n a p h t h y r i d i n e  r i n g  
c u r r e n t .  R e c e n t l y  s i m i l a r  b r i d g i n g  d i s c r i m i n a t i o n  o f  t h e  
m e t h y l e n e  g r o u p s  c a u s e d  b y  t h e  m a g n e t i c a l l y  a n i s o t r o p i c  
b e n z e n e 1* a n d  n a p h t h a l e n e * * g r o u p s  h a s  b e e n  r e p o r t e d .
T h e  8 , Y ~ m e t h y l e n e  p r o t o n s  s h o w e d  a  d e s h i e l d i n g  o f  0 . 7  ppm 
a t  - 8 0 °C ,  w h i c h  f u r t h e r  i n d i c a t e s  t h a t  t h e s e  p r o t o n s  
a r e  m o r e  n e a r l y  c o p l a n a r  w i t h  t h e  a r o m a t i c  n u c l e u s .
2 , 7 - U , 8 - N a p h t h ^ r i d i n o )  M a c r o c o d e s .  T h e  r e a c t i o n  
o f  §  w i t h  v a r i o u s  d i a n i o n s  o f  p o l y e t h y l e n e  g l y c o l s  w a s  
c o n d u c t e d  i n  a  s i m i l a r  f a s h i o n  t o  t h a t  d e s c r i b e d  a b o v e .  
T h r e e  n ew  1 : 1  m a c r o c y c l e s  w e r e  i s o l a t e d  a n d
c h a r a c t e r i z e d .  T h e  s u p p o r t i v e  NMR d a t a  o f  f a - c  f o r  t h e  
m a c r o c y c l i c  s t r u c t u r e  a r e  t h e  d o u b l e t s  ( J  *  9 H z) a t  
6 6 . 7 - 7 . 0  a n d  7 . 7 - 7 . 8  f o r  t h e  H - 3 , 6  a n d  H - 4 , 5  p r o t o n s *  
r e s p e c t i v e l y  ( s e e  F i g u r e  2 ) .  T h e  b r i d g i n g  m e t h y l e n e s  
a r e  l e s s  c l e a r l y  s e p a r a t e d  [6 ■ 4 . 7 ( a ) *  3 . B - 3 . 2  ( 0 - E ) ]  d u e  
t h e  l a c k  o f  p r o x i m a l  r i n g  c u r r e n t .  T h e  o r t h o g o n a l  N- 
e l e c t r o n  d e n s i t y  i s  l e s s e n e d  i n  m a g n i t u d e  d u e  t o  t h e i r  
i n c l u s i o n  i n  t h e  i m i d a t e  m o i e t y .  I n  o r d e r  t o  a s c e r t a i n  
t h e  s i t e  o f  i o n  c o m p l e x a t i o n ,  E u ( F O D ) i  s h i f t  r e a g e n t  w a s  
a d d e d  t o  9 b .  F r o m  t h e  d o w n f i e l d  s h i f t  o f  t h e  s p i k e  f o r  
t h e  e - m e t h y l e n e  p r o t o n s #  t h e  s h i f t  r e a g e n t  i s  p r e d o m i n a n t l y  
a s s o c i a t e d  w i t h  t h e  c e n t r a l  r e g i o n  o f  t h e  p o l y e t h e r e a l  
b r i d g e  a n d  n o t  w i t h  t h e  n a p h t h y r i d i n e  n u c l e u s .
A t t e m p t s  t o  i n c r e a s e  t h e  y i e l d s  o f  m a c r o c y c l i c  
p r o d u c t s  w e r e  m a d e  b y  t e m p l a t i o n  a b o u t  a  t r a n s i t i o n  m e t a l
c a t i o n .  S l i g h t  i n c r e a s e s  t e a . 5 f )  w e r e  r e a l i z e d  b u t  
t h e s e  m i n o r  i n c r e a s e s  c o u l d  n o t  b e  a t t r i b u t e d  e x c l u s i v e l y  
t o  t h e  u s a g e  o f  t h e  m e t a l  i o n .
O p e n - c h a i n  c o m p o u n d s  ( 1 1 )  w e r e  a l s o  i s o l a t e d  f r o m  
t h e s e  r e a c t i o n s .  S i n c e  t h e  I R  s p e c t r u m  o f  g  c o n t a i n e d  
a n  a b s o r p t i o n  b a n d  a t  74 8 cm- 1  f o r  t h e  C - C l  v i b r a t i o n a l  
m o d e ,  w h i c h  w a s  n o t  p r e s e n t  i n  t h e  p a r e n t  1 , 8 - n a p h t h y r i d i n e  
o r  m a c r o c y c l i c  d e r i v a t i v e s ,  t h e  p r e s e n c e  o f  t h e  a b s o r p t i o n  
a t  7 5 0  +  1 0  cm” 1 i n  t h e s e  2 : 1 - c o m p o u n d s  s u p p o r t s  t h e  
p r e s e n c e  o f  t h e  C - C l  b o n d .  F u r t h e r  s p e c t r a l  s u p p o r t  w a s  
p r o v i d e d  b y  MS a n d  NMR d a t a .  T h e  NMR r . p e c t r a  o f  J 1  sh o w  
tw o  c l o s e  d o u b l e t  o f  d o u b l e t s  a t  5 6 . 5 5  a n d  6 . 5 9 - 6 . 6 5  
f o r  t h e  H - 3  a n d  H -6  p r o t o n s ,  r e s p e c t i v e l y ?  t h e  u n s y m m e t r i c a l  
n a t u r e  o f  t h e  r i n g  a n d  t h e  c o m p l e x i t y  o f  t h e  NMR s p e c t r u m  
f u r t h e r  s u b s t a n t i a t e  m o n o - o x y g e n  s u b s t i t u t i o n .
T h e r e  w e r e  n o  2 ? 2 - m a c r o c y c l i c  p r o d u c t s ,  e . g . ,  ^ g ,  
i s o l a t e d  w h e n  o u r  g e n e r a l 9 x y l e n e  w a s  u s e d ;  h o w e v e r  w h e n  
N , N - d i m e t h y l f o r m a m i d e  (DMF) w a s  u t i l i z e d ,  n o t  o n l y  w e r e  t h e  
I t 1 - m a c r o c y c l e s  i s o l a t e d  b u t  a l s o  t h e  d e s i r e d  2 : 2 - m a c r o ­
c y c l e s  w e r e  r e a l i z e d .  T h e  NMR d a t a  f o r  lO d  a n d  e  sh o w  an  
a n t i c i p a t e d  s y m m e t r i c a l  p a t t e r n  f o r  t h e  n a p h t h y r i d i n e  
s u b u n i t s .  F u r t h e r m o r e ,  t h e  t r i m e r  J 2  w a s  i s o l a t e d  a n d  
c h a r a c t e r i z e d  f r o m  t h e  r e a c t i o n  o f  £  w i t h  s o d i u m  d i e t h y l e n e  
g l y c o l a t e .
I n  o r d e r  t o  a s c e r t a i n  t h e  d i m e n s i o n s  o f  t h e s e  
c a v i t i e s  a n d  t h e  a c t u a l  h i n d r a n c e  t o  t h e  n a p h t h y r i d i n e
N - e l e c t r o n s ,  t h e  x - r a y  c r y s t a l  s t r u c t u r e  o f  w a s  
u n d e r t a k e n .  Two i n d e p e n d e n t  m o l e c u l e s  e x i s t  i n  t h e
a s y m m e t r i c  u n i t  o f  t h e  c r y s t a l .  O n e  i s  i l l u s t r a t e d  i n  
F i g u r e  3 ;  a v e r a g e  i n t e r a t o m i c  d i s t a n c e s  a n d  a v e r a g e  a n g l e s  
a r e  g i v e n  i n  F i g u r e  4 a n d  5 ,  r e s p e c t i v e l y .  Two d i s t i n c t  
m o l e c u l e s  l i e  i n  a l m o s t  i d e n t i c a l  o r i e n t a t i o n s  w i t h  r e s p e c t  
t o  t h e  c r y s t a l  a x e s  a n d  h a v e  v e r y  s i m i l a r  c o n f o r m a t i o n s .
T h e  o n l y  s u b s t a n t i a l  d i f f e r e n c e s  i n  c o n f o r m a t i o n  e x i s t  
i n  t h e  p o r t i o n  o f  t h e  p o l y e t h e r e a l  b r i d g e  b e t w e e n  04 a n d  0 6 ,  
w h i c h  i s  a l s o  t h e  o n l y  p o r t i o n  o f  t h e  m o l e c u l e  i n  w h i c h  
s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  i n  d i s t a n c e s  a n d  
a n g l e s  e x i s t  b e t w e e n  t h e  p r i m e d  a n d  u n p r i m e d  m o l e c u l e s .
T h e  s i x t e e n - a t o m  b r i d g e  i s  a p p a r e n t l y  q u i t e  f l e x i b l e  a n d  
s u b j e c t  t o  q u i t e  s u b t l e  p a c k i n g  e f f e c t s .
I n s e r t  F i g u r e s  3 - 5
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S u b s t i t u t i o n  o f  t h e  p o l y e t h e r e a l  b r i d g e  t o  t h e  n a p h t h y r i d y l  
m o i e t y  ( t h e  i m i d a t e  g r o u p )  i s  i n  a l l  c a s e s  e s s e n t i a l l y  c i s  t o  t h e  
n i t r o g e n  a t o m .  T o r s i o n  a n g l e  N 1 - C 2 - 0 1 - C 1 1  i s  3 . 8 °  a n d  
N 8 - C 7 - O 6 - C 2 0  i s  0 . 2 ° .  T h e  c o r r e s p o n d i n g  v a l u e s  f o r  t h e  p r i m e d  
m o l e c u l e  a r e  6 . 7 °  a n d  - 1 . 8 ° ,  r e s p e c t i v e l y .  T h i s  c o n f o r m a t i o n  i s  
u n i v e r s a l l y  f o u n d  i n  N - h e t e r o c y c l e s , e . g . ,  p y r i d i n e ,  D y r i m i d i n e ,  
s u b s t i t u t e d  b y  a n  & - o x y g e n  a t o m  o r t h o  t o  t h e  N - a t o m .  3 f
T h e  1 , 8 - n a p h t h y r i d y l  f r a g m e n t  e x h i b i t s  m a r k e d  s t r u c t u r a l
21
d i f f e r e n c e s  f r o m  t h e  p a r e n t  1 , 8 - n a p h t h v r i d i n e  , m an v  o f  w h i c h  c a n
b e  u n d e r s t o o d  a s  c o n s e q u e n c e s  o f  t h e  p o l y e t h e r e a l  d i s u b s t i t u t i o n .
N a p h t h y r i d i n e  h a s  a  c l e a r l y  nonD lanar, t w i s t e d  s t r u c t u r e ,  i n  w h i c h
t h e  t w o  n i t r o g e n  a t o m s  l i e  o n  o o p o s i t e  s i d e s  o f  t h e  b e s t  p l a n e  o f
t h e  m o l e c u l e .  T h e  N -C -N  a n g l e  i n  n a p h t h y r i d i n e  i s  1 1 5 . 3 ( 2 ) ° ,  w h i c h
i s  s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  c o r r e s p o n d i n g  a n c l e  f o u n d  i n  c o m -
22,23
p l e x e d  n a p h t h y r i d i n e s  . T h e s e  f a c t s  h a v e  b e e n  r a t i o n a l i z e d  i n  
t e r m s  o f  r e p u l s i o n  b e t w e e n  t h e  n i t r o g e n  l o n e  p a i r s .  T h e  n a p h t h y r i d y l  
f r a g m e n t  o f  9 b  d o e s  n o t  h a v e  t h e  t w i s t e d  s t r u c t u r e  o f  t h e  p a r e n t  
m o l e c u l e ,  b u t  e x h i b i t s  o n l y  m a r g i n a l l y  s i g n i f i c a n t  d e v i a t i o n s  f r o m  
p l a n a r i t y .  T h e  N 1 -C 9 -N 8  a n g l e  h a s  a n  a v e r a g e  v a l u e  o f  1 1 3 . 0 ( 5 ) ° .
B o t h  t h e t e  ge om z tn . i c .a l  $ea tu>le t  c o o p t e d  w i t h  t h e  l a n t h a n i d e  i h i & t  
i t u d i e i  ( T i g u i e  2) i n d i c a t e d  a r e d u c e d  e l e c t i o n  d e n t i t y  ion. t h e  W -fo n c  
p a i n t  d u e  t o  t h e i l  i n c l u s i o n  i n  t h e  i m i d a t e  m o i e t y .  S u c h  r e d u c e d  
N - e l e c t r o n  d e n s i t y  h a s  a l s o  b e e n  o b s e r v e d  i n  p o l y e t h e r e a l  s u b s t i t u t e d  
p y r i d i n e  a n d  b i p v r i d y l s 3 * .  T h e  t w i s t i n g  o f  n a p h t h y r i d i n e  a l s o  c a u s e s  
t h e  c e n t r a l  b o n d  ( e . g .  C 9 -C 1 0 )  t o  b e  l e n g t h e n e d  r e l a t i v e  t o  t h e  tw o  
b o n d s  p a r a l l e l  t o  i t 2 1 : 9 b  s h o w e d  n o  s u c h  l e n g t h e n i n g .  I n  g e n e r a l ,  
t h e  n a p h t h y r i d y l  s u b u n i t  o f  9 b  m o r e  c l o s e l y  e x h i b i t s  t h e  o a t t e r n  o f  
l e n g t h s  e x p e c t e d  f r o m  t h e  r e s o n a n c e  d e s c r i p t i o n  t h a n  d o e s  n a p h t h y r i d i n e .
lw;l ‘*: ^ f t 9  p o i n t s  w e r e  t a k e n  i n  c a p i l l a r y  t u b e s  
w i t h  a  T h o m a s - H o o v e r  U n i - M e l t  a p p a r a t u s  a n d  a r e  u n c o r r e c t e d .  1R 
s p e c t r a  w e r e  m e a s u r e d  o n  a  P e r k i n - E l m e r  6 2 1  G r a t i n g  S p e c t r o p h o t o m e t e r  
a n d  t h e  UV s p e c t r a  w e r e  r e c o r d e d  o n  a  C a r y  14 S p e c t r o o h o t o m e t e r . 
U n l e s s  o t h e r w i s e  n o t e d ,  NMR s p e c t r a  w e r e  o b t a i n e d  i n  C O C lj  s o l u t i o n s  
w i t h  M e i ,S i ,  a s  t h e  i n t e r n a l  s t a n d a r d  ( fi = 0 ppm) a n d  r e c o r d e d  o n  
e i t h e r  a  V a r i a n  A s s o c i a t e s  A -6 0 A  o r  B r u k e r  WP 2 0 0 .  Low t e m p e r a t u r e  
( 4 0 °  t o  - 8 0 ° C )  HMR s t u d i e s  w e r e  c o n d u c t e d  i n  CD2 C 1 2 ; w h e r e a s  w i t h  t h e  
h i g h  t e m p e r a t u r e  r a n g e  ( 4 0 °  t o  1 0 0 ° C ) , p e r c h l o r o b u t a d i e n e  w a s  u s e d .
MS d a t a  w e r e  m e a s u r e d  o n  a  H i t a c h i - P e r k i n - S l m e r  RMS-4 m a s s  s p e c t r o ­
m e t e r  b y  M r .  J .  M u r p h y  o r  a  H e w l e t t - P a c k a r d  m o d e l  5 9 8 5  g c / m s  s p e c t r o ­
m e t e r  b y  M r .  D . P a t t e r s o n .  E l e m e n t a l  a n a l y s e s  w e r e  p e r f o r m e d  b y  M r .  
R .  L .  S e a b  i n  t h e s e  l a b o r a t o r i e s .
T h e  r e c o r d e d  v a l u e s  w e r e  d e t e r m i n e d  b y  a  s t a n d a r d i z e d  t h i n -  
l a y e r  c h r o m a t o g r a p h y  (TLC) p r o c e d u r e ;  0 . 2 5  mm B r i n k m a n  s i l i c a  g e l  
H F - 2 5 4 + 3 6 6  p l a t e s  e l u t i n g  w i t h  t h e  s t i p u l a t e d  s o l v e n t s .  F o r  p r e p a ­
r a t i v e  T h L C , 2 mm B r i n k m a n  s i l i c a  g e l  P / U V - 2 5 4 - 3 6 6  o r  a l u m i n u m  o x i d e  
{ T yp e  T) H F - 2 5 4 - 3 6 6  p l a t e s  w e r e  u s e d .  X y l e n e  w a s  d i s t i l l e d  f r o m  
s o d i u m  w i r e  u n d e r  a  n i t r o g e n  a t m o s p h e r e ,  w h i l e  DMF w a s  p u r i f i e d  b y  
s p e c i f i c  c o n d i t i o n  t o  r e t a r d  c y a n i d e  f o r m a t i o n 2 ^ . S o d iu m  h y d r i d e  
{57% o i l  d i s p e r s i o n )  w a s  w a s h e d  w i t h  a n h y d r o u s  p e t r o l e u m  e t h e r  (b p  
3 0 - 6 0 ° C )  a n d  t h e n  d i r e d  i n  v a c u o  p r i o r  t o  t h e  r e a c t i o n ,  E t h y l e n e  
g l y c o l  a n d  d i - ,  t r i - ,  a n d  t e t r a e t h y l e n e  g l y c o l s  w e r e  p u r c h a s e d  f r o m  
A l d r i c h  C h e m i c a l  C o . ;  w h e r e a s ,  p e n t a -  a n d  h e x a e t h y l e n e  g l y c o l s 2 5  
w e r e  p u r c h a s e d  f r o m  C o l u m b i a  O r g a n i c  C h e m i c a l s ,  I n c .
n,Sjfo£ii; ?{£
i*fe5iti6lJlKiKU5wWfet>K5WtM (i' was preDared fTom i-s-
n a p h t h y r i d i n e  i n  35% y i e l d  b y  a  p r e v i o u s l y  d e s c r i b e d  p r o c e d u r e 1*4 : 
mp 2 5 0 - 2 5 1 ° C .
ElJt tiJItiiJtlJ? ?5£^-
efciastofe i^teil- ~ ftvtgeiiswt f^twseesu t^twwttt?*!- Under a
n i t r o g e n  a t m o s p h e r e  a n  o i l  s u s p e n s i o n  o f  s o d i u m  h y d r i d e  ( 1 2 0  mg) 
w a s  w a s h e d  w i t h  a n h y d r o u s  h e x a n e  (7 5  m L ) , t h e n  d r i e d  i n  v a c u o .
S o d iu m  d r i e d  x y l e n e  ( 1 0 0  mL) w a s  a d d e d ,  s t i r r e d  10 m i n u t e s ,  t h e n  
h e x a e t h y l e n e  g l y c o l  ( 3 7 0  m g ,  1 . 3  mmol) w a s  a d d e d  c a r e f u l l y . T h e  
s u s p e n s i o n  w a s  s t i r r e d  f o r  o n e  h o u r ,  t h e n  2 (2 5 0  m g, 1 . 3  mmol) 
w a s  a d d e d  w i t h  a d d i t i o n a l  x y l e n e  ( 1 0 0  m L ) . T h e  m i x t u r e  w a s  r e f l u x e d  
f o r  24  h o u r s  u n d e r  a  n i t r o g e n  a t m o s p h e r e .  A f t e r  c o o l i n g ,  t h e  e x c e s s  
s o d i u m  h y d r i d e  w a s  c a r e f u l l y  h y d r o l y z e d  w i t h  w a t e r  ( 7 5  m L ) . T h e  
w a t e r  l a y e r  w a s  e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  (3  x  50 m L ) . T h e  
c o m b i n e d  o r g a n i c  l a y e r s  w e r e  d r i e d  o v e r  a n h y d r o u s  m a g n e s i u m  s u l f a t e  
a n d  c o n c e n t r a t e d  i r i  v a c u o  t o  a f f o r d  a  y e l l o w  p a s t e ,  w h i c h  w a s  c h r o ­
m a t o g r a p h e d  (ThLC) e l u t i n g  w i t h  c y c l o h e x a n e - e t h y l  a c e t a t e  ( 1 : 1 )  t o  
g i v e  t w o  m a j o r  f r a c t i o n s .
w a s  t e c r y s t a l l i z e d  f r o m  a b s o l u t e  e t h a n o l  t o  g i v e  7 a   ^
a s  w h i t e  n e e d l e - l i k e  c y r s t a l s :  mp 1 2 5 - 1 2 5 . 5 8C ; 3 2 0  mg ( 6 0 % ) ;  NMR 6
2 , 9 8  ( t ,  E-CHZ , J = 4 H z , 4 H ) ,  3 , 1 5  ( t ,  e -C H 2 ,  J= 4 H Z ,  4 H ) ,  3 , 4 6  (m, 6 -C H 2 , 
4 H ) ,  3 , 6 5  (m , y -C H 2 , 4 H ) , 3 , 9 1  (m, e -C H 2 , 4 H ) , 4 . 7 8  (m , e - C H 2 , 4 H ) , 
7 , 0 9  ( d ,  3 , 7 - N a p h - H ,  J = 9 H z ,  2 H ) , 7 , 9 8  ( d ,  4 , 8 - N a p h - H ,  J = 9 H z ,  2 H ) ; I R  
(K B r)  1 6 2 0 ,  1 3 4 0 ,  1 2 6 0 ,  1 1 7 0  c m " 1 ; UV (E tO H ) X „  ( c )  3 4 4  nm ( 2 . 0  xi n a X
10**),  3 3 6  ( 1 , 7  x  10*4) ,  3 2 9  ( 2 . 0  x  10*4) , 3 1 6  ( 1 . 3  x  10*4) ,
2 4 1  ( 1 . 8  x  10**) ; MS m / e  ( a s s i g n . ,  r e l .
i n t e n s i t y )  4 0 8  (M+, 5 3 ) ,  3 0 0  ( C 1 6 H2 oN2 0 i, , 3 0 ) ,  2 5 6  {Cll(H j 6H 2 ° 3 , 3 2 )  
2 0 8  ( C 1 0 H i 2 N 2 O 3 , 9 0 )  1 9 4  ( C i o H j 2 N 2 0 2 ,  8 0 ) ,  1 6 0  ( C e H i ^ O z ,  1 0 0 )  .
A n a l . C a l c d .  f o r  C 2 oH2 eN2 0 7 : C f 5 8 . 5 8 ;  H , 6 . 8 6 ; N ,  6 . 8 6 .
F o u n d ;  C ,  5 6 . 7 2 ;  H , 6 . 8 8 ; N ,  6 . 6 8 .
w a s  r e c r y s t a l l i z e d  f r o m  a b s o l u t e  e t h a n o l  t o  a f f o r d  
8 5 , a s  w h i t e  m i c r o c r y s t a l s :  mp 8 7 - 8 8 . 5 * C ;  21 mg (2 % ) ;  NMR 6 3 . 6 8
(m, e -Y -C H 2 , 32H ) , 3 . 9 6  (m, B-CH2 , 8 H ) , 4 . 5 9  (m, o -C H 2 , 8 H ) ,  7 . 0 3  
f d ,  3 , 7 - N a p h - H ,  J = 9 H z ,  4 H ) , 7 . 9 4  ( d ,  4 , 8 - N a p h - H ,  J = 9 H z ,  4 H ) ; MS 
m / e  8 1 6  (M+, 1 4 ) ,  7 0 *  t i l ) ,  6 8 0  ( 2 0 ) ,  5 6 0  ( 3 7 ) ,  40 4  ( M + /2 , 6 4 ) ,  3 0 0  
(C 1 6 H2 0H2 o i , ,  1 8 ) ,  194  ( C 1 0 H 1 2 N 2 O2 , 2 3 ) ,  1 6 0  (C b H ^ N zO j,  1 0 0 ) .
A n a l .  C a l c d .  f o r  Ci, 0 H 5 gN^O; 1, :  C ,  5 8 . 5 8 ;  H , 6 . 8 6 ; N ,  6 . 8 6 .
F o u n d :  C ,  5 8 . 7 5 ;  H , 6 . 8 8 ; N ,  6 . 7 0 .
S ' t o c ? ! '  ~ TIie a *a o v e  g e n e r a l  p r o c e d u r e  w a s  u s e d  e x c e p t  f o r  t h e  
s u b s t i t u t i o n  o f  p e n t a e t h y l e n e  g l y c o l  ( 6 0 0  m g ,  2 , 5  m m ol)  a n d  t h e  
f o l l o w i n g  tw o  m a j o r  m a c r o c y c l i c  f r a c t i o n s  w e r e  i s o l a t e d .
w a s  r e c r y s t a l l i z e d  f r o m  a b s o l u t e  e t h a n o l  t o  a f f o r d  
7fe, a s  c o l o r l e s s  n e e d l e - l i k e  c r y s t a l s :  mp 9 4 - 9 5 ° C ;  1 0 0  mg ( 1 9 % ) ;
Rf  0 . 5 ;  NMR 6 2 . 6 5  ( s ,  e -C H 2 , 4 H ) , 3 . 4 4  (m , y - S - C H 2 , 8 H ) , 3 . 8 3  (m, 
B-CH2 ,  4 H ) , 4 . 9 5  (m , o -C H 2 , 4 H ) , 7 . 1 1  ( d ,  3 , 7 - N a p h - H ,  J = 9 H z ,  2 H ) ,
8 . 0 3  ( d ,  4 , 8 - N a p h - H ,  J = 9 H z ,  2 H ) ; I R  (K Br) 1 6 1 0 ,  1 5 2 0 ,  1 2 5 0 ,  1 1 4 0
cm- 1 ; UV (EtOH) 1 „  ( e )  3 4 5  nm ( 2 . 3  x  1 0 " ) ,  3 3 7  ( 2 . 0  x  1 0 " ) ,  3 3 0ro®x
2 . 4  x 1 0 " ) ,  3 1 7  ( 2 . 4  x  1 0 " ) ,  2 4 2  ( 2 . 2  x 1 0 " ) ;  MS m / e  3 6 4  (M+, 6 . 2 ) ,  
2 1 6  ( 5 . 2  ) ,  1 8 0  ( C 1 0 HBN2 O3 ,  5 7 ) ,  1 6 0  (C eH^N2 0 2 , 2 0 ) ,  1 2 8  ( C ^ N z ,  
4 ) ,  4 4  (C 2 H ^ 0 ,  1 0 0 ) .
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A n a l . C a l c d .  f o r  C j b H2 i,H2 0 6 :  C ,  5 9 . 3 7 ;  H , 6 . 5 9 ;  N , 7 . 6 9 .
F o u n d :  C ,  5 9 . 1 0 ;  H , 6 . 8 8 ; N ,  7 . 5 2 .
waE r e c r y s t a l l i z e d  f r o m  a b s o l u t e  e t h a n o l  t o  g i v e
8 b , a s  w h i t e  m i c r o c r y s t a l s : mp 1 0 1 - 1 0 3 ° C ;  2 5 0  mg (2 6 % ) ;  Rf  0 . 1 3 ;
NMR 6  3 . 5 - 4 . 1  (m, 6 - e - C H 2 , 32H) , 4 . 6  ( t ,  b -C H 2 , J = 8 H z, 8 H ) , 7 . 0  ( d ,
3 , 7 - N a p h - H ,  J = 9 H z ,  4 H ) ,  7 . 9  ( d ,  4 , 8 - N a p h - H ,  J = 9 H z , 2 H ) ; 1R (KBr)
1 6 3 0 ,  1 5 1 0 ,  1 2 8 0 ,  1 1 3 0  c m " 1 ; UV (EtOH) X ( e )  3 4 0  ( 6 . 5  x  1 0 “ ) ,m ax
3 3 2  ( 5 . 2  x  10**),  3 2 5  ( 6 . 7  x  1 0 “ ) ,  3 1 9  ( 4 . 7  x  1 0 “ ) ,  312  ( 3 . 9  x  1 0 “ ) ,  
3 0 0  (2 x  1 0 “ ) ;  MS m / e  7 2 8  (M+ , 3 2 ) ,  5 6 8  ( 2 4 ) ,  4 0 8  ( 2 7 ) ,  364  (M + /2 ,  
1 0 0 ) , 33 6  ( 3 6 ) ,  3 2 0  ( 8 6 ) ,  2 7 6  ( 7 3 ) ,  2 4 8  ( 9 6 ) ,  2 3 2  ( 9 5 ) ,  1 6 0  ( 1 4 ) .
A n a l , C a l c d .  f o r  C 3 BHi, eNi t ° i  z • C ,  5 9 . 3 9 ;  H , 6 . 5 9 ;  N , 7 . 6 9 .
F o u n d :  C ,  5 9 , 6 7 ;  H ,  6 . 6 4 ;  N ,  7 . 3 9 ^
"  T h e  s e n e r a l  p r o c e d u r e  w a s  f o l l o w e d  e x c e p t  f o r  t h e  s u b s t i ­
t u t i o n  o f  t e t r a e t h y l e n e  g l y c o l  (4 9 0  m g ,  2 . 5  m m o l ) .  A f t e r  w o r k - u p ,  
t h e  x y l e n e  l a y e r  g a v e  o n e  m a j o r  m a c r o c y c l e  f r a c t i o n  w h i c h  w a s  r e ­
c r y s t a l l i z e d  f r o m  a b s o l u t e  e t h a n o l  t o  a f f o r d  8 c ,  a s  w h i t e  m i c r o c r y s ­
t a l s :  mp 1 5 3 - 1 5 3 , 5 ° C ;  3 9 0  mg ( 4 9 % ) ;  Rf  0 . 1 8 ;  NMR 6 3 . 7 3  < s ,  y , S - C H 2 ,
1 6 H ) , 3 . 9 2  (m, B-CH2 , 8 H ) , 4 . 5 4  (m, o -C H 2 , 8 H) , 6 . 9 7  ( d ,  3 , 7 - N a p h - H ,  
J = 9 H z ,  4 H ) , 7 , 8 0  ( d ,  4 , 8 - N a p h - H ,  J = 9 H z ,  4 H ) ; I R  (KBr) 1 6 2 0 ,  1 5 5 0 ,
1 3 4 0 ,  1 2 8 0 ,  1 1 5 0  cm“ » ;  UV (EtOH) X „  ( e )  3 4 0  (4  X 1 0 “ ) ,  3 2 5  (4 xm ax
1 0 “ ) ,  3 1 7  ( 2 . 9  X 1 0 “ ) ,  3 1 1  ( 2 . 9  x  1 0 “ ) ,  2 6 6  ( 3 . 5  x  1 0 “ ) ; US m / e  6 4 0  
(M+, 8 6 ) ,  5 9 6  ( 1 9 ) ,  3 2 0  ( M + / 2 , 4 3 ) ,  2 3 2  < C i 2H J2N20 3 , 1 5 ) ,  204  
( C 10H BN 2O 3 , 1 0 0 ) ,  1 6 0  (C aHt,N20 2 , 9 3 ) ,  1 2 8  ( C 8HkN 2 , 2 4 ) .
A n a l . C a l c d .  f o r  C 3 2 Hi4 0N ^ O j 0 : C ,  6 0 . 0 0 ;  H ,  6 . 2 4 ;  N ,  8 . 7 5 .
F o u n d :  C ,  5 9 . 8 8 ;  H ,  6 . 4 7 ;  N , 8 . 6 1 .
SC’tXfcffrl^* -  T h e  g e n e r a l  p r o c e d u r e  w a s  f o l l o w e d  e x c e p t  f o r  t h e  
s u b s t i t u t i o n  o f  t r i e t h y l e n e  g l y c o l  (2 0 0  m g ,  1 . 5  m m o l ) .  A f t e r  
w o r k - u p ,  t h e  o r g a n i c  l a y e r  g a v e  o n e  m a j o r  m a c r o c y c l i c  f r a c t i o n ,  
w h i c h  w a s  r e c r y s t a l l i z e d  f r o m  a b s o l u t e  e t h a n o l  t o  a f f o r d  8 £ ,  a s  a  
w h i t e  m i c r o c r y s t a l s  mp 2 1 5 - 2 1 6 ° C ;  1 4 0  n g  ( 2 0 % ) ;  R^ 0 . 1 6 ;  NMR S
3 . 7 4  ( s ,  y -C H 2 ,  B H ) ,  3 . 8 8  (m, B-CH2 , 8 H ) , 4 . 5 6  (m, a -C H s , 8 K ) , 7 . 0 1  
( d ,  3 , 7 - N a p h - H ,  J * 9 H z ,  4 H ) ,  7 . 9 1  ( d ,  4 , 8 - N a p h - H ,  J = 9 H z ,  4 H ) ; I R  
(K B r) 1 6 3 0 ,  1 5 6 0 ,  1 2 9 0 ,  1 1 5 0  c m " 1 ; MS m / e  2 7 6  (M + /2 ,  4 3 ) ,  2 3 2  ( 3 ) ,
2 0 4  ( C i 0H eN2O3 , 7 8 ) ,  1 6 0  ( C sHi,N20 2 , 1 0 0 ) , 1 2 8  (CaHi,N2 , 3 0 ) .
A n a l . C a l c d .  f o r  C 2 BH 3 2 N t,0B: C ,  6 0 . 5 0 ;  H , 5 . 8 0 ;  N ,  1 0 . 2 0 .
F o u n d :  C ,  6 0 . 2 0 ;  H , 5 . 6 4 ;  N ,  9 . 9 9 .
SS’lXSS'k* "  9 e n e r a l  p r o c e d u r e  f o l l o w e d  e x c e p t  f o r  t h e  s u b s t i t u ­
t i o n  o f  d i e t h y l e n e  g l y c o l  ( 1 4 0  m g ,  1 . 3  m m o l ) . A f t e r  w o r k - u p ,  t h e  
o r g a n i c  l a y e r  g a v e  o n e  m a j o r  c y c l i c  f r a c t i o n ,  w h i c h  w a s  r e c r y s t a l l i z e d  
f r o m  a b s o l u t e  e t h a n o l ,  t o  g i v e  8 e ,  a s  m i c r o c r y s t a l s :  mp 1 3 3 - 1 3 4 ° C ;
20  mg ( 7 % ) ;  Rf  0 . 1 4 ;  NMR 6 3 . 8 8  (m , 8 -C H 2 , 8 H ) , 4 . 6 0  (m, a -C H 2 , 8 H ) , 
7 . 0 1  ( d ,  3 , 7 - N a p h - H ,  J = 9 H z ,  4 H ) , 7 . 9 1  ( d ,  4 , 8 - N a p h - H ,  J = 9 H z ,  4 H ) ;
I R  (CHC13 5 1 6 1 0 ,  1 4 3 0 ,  1 2 3 0 ,  1 1 5 0  c m " 1 ; MS m / e  2 3 2  (M + /2 ,  6 4 ) ,  18 8  
(C ] 0 HbH2 O2 ,  8 6 ) ,  1 6 0  (C bK„N2 0 2 ,  1 0 0 ) ,  1 2 8  (C BHI,N 2 , 3 6 ) .
A n a l . C a l c d .  f o r  C2 i,H2 i*Hi,06 : C ,  6 2 . 1 0 ;  H ,  5 , 1 7 ;  N ,  1 2 . 1 0 .
F o u n d :  C ,  6 1 . 9 8 ;  H ,  5 . 2 7 ;  N , 1 1 , 9 3 .
‘  Malic acid  (3*° 9 '  22 mmol> flnd 2 ' 6“
d i a m i n o p y r i d i n e  ( 2 . 2  g ,  2 0  m m ol) w e r e  g r o u n d  t o  a n  i n t i m a t e  p o w d e r ,  
c o o l e d  i n  a n  i c e  b a t h ,  t h e n  c o n c e n t r a t e d  s u l f u r i c  a c i d  ( 1 0  ml,} w a s  
a d d e d  d r o p w i s e .  T h e  s o l u t i o n  w a s  h e a t e d  t o  1 1 0 ° C  f o r  2 - 3  h o u r s ,  
p o u r e d  o v e r  i c e ,  a n d  m a d e  a l k a l i n e  w i t h  c o n c e n t r a t e d  am m onium  h y d r o ­
x i d e  (pH 8 ) .  2 - A m i n o - 7 - h y d r o x y - l , 8 - n a p h t h y r i d i n e  w a s  i s o l a t e d :  mp
> 3 5 0 ° C  ( l i t . 1 5  mp > 3 6 0 ° C f  3 , 5 2  g  ( 9 7 % ) ;  NMR (DMSO-ds ) £ 6 . 1 2  ( d ,  
3 - N a p h - H , J = 9 H z ,  1H) , 6 . 3 5  ( d ,  6 - N a p h - K ,  J<=9Hz, 1H) , 6 . 9 4  ( s ,  NHZ ,
2 H ) , 7 , 6 5  ( d ,  4 , 5 - N a p h - H , J = 9 H z ,  2 H ) .
“  2 - A m i n o - 7 - h y d r o x y -  
1 , B - n a p h t h y r i d i n e  ( 4 . 7  g ,  29 m m ol)  w a s  g r o u n d  t o  a  f i n e  p o w d e r  a n d  
a d d e d  t o  c o n c e n t r a t e d  s u l f u r i c  a c i d  (4 0  m L ) , t h e n  s o d i u m  n i t r i t e  
( 2 , 4  g )  w a s  a d d e d .  T h e  m i x t u r e  w a s  a l l o w e d  t o  s t a n d  f o r  f i v e  m i n u t e s ,  
p o u r e d  o v e r  c r u s h e d  i c e  a n d  a l l o w e d  t o  s t a n d  f o r  t e n  m i n u t e s .  E x c e s s  
s o d i u m  n i t r i t e  w a s  n e u t r a l i z e d  w i t h  s o d i u m  c a r b o n a t e ,  t h e n  t h e  s o l u ­
t i o n  w a s  a c i d i f i e d  w i t h  g l a c i a l  a c e t i c  a c i d  (pH 3 )  g i v i n g  | ,  a s  a  
p a l e  g r e e n  p o w d e r :  mp 3 2 1 - 3 2 3 6C ( l i t , 1 6  mp 3 2 0 - 3 3 0 ° C ) ; 4 . 1  g  (8 7 % ) ;
NMR (D M S0-d6 ) 6  3 . 1 5  (m, OH, 2 H ) , 6 . 2 5  ( d ,  3 , 6 - N a p h - H ,  J = 9 H z ,  2 H ) ,
7 , 7 5  ( d ,  4 , 5 - N a p h - H ,  J = 9 H z ,  2 H ) .
“  A m i x t u r e  o f  2 , 7 -  
d i h y d r o x y - l , 8 - n a p h t h y r i d i n e  ( 5 0 0  m g ,  3 . 1  m m o l ) , p h o s p h o r u s  p e n t a -  
c h l o r i d e  ( 1 . 2 5  g ,  6  m m ol)  a n d  p h o s p h o r u s  o x y c h l o r i d e  ( 1 , 1 2  g ,  7 mmol) 
w a s  r e f l u x e d  f o r  t w o  h o u r s ,  t h e n  i c e  w a s  c a r e f u l l y  a d d e d  a n d  t h e  
s o l u t i o n  w a s  m a d e  a l k a l i n e  w i t h  s o d i u m  c a r b o n a t e .  A b r o w n  p r e c i p i t a t e
w a s  c o l l e c t e d  a n d  r e c r y s t a l l i 2 e d  f r o m  a c e t o n e  t o  g i v e  6 , a s  a  w h i t e  
p o w d e r :  s u b l ,  p t .  25 B °C  { l i t . 1 6  s u b l .  p t .  2 5 9 e C ) ; 5 0 0  mg ( 8 1 % ) ;  NMR
6 7 , 5  ( d ,  3 , 5 - N a p h - H ,  J = 9 H2 ,  2 K ) ,  B . l  ( d ,  4 , 5 - N a p h - H ,  J = 9 H z ,  2 H ) .
eue?i* - sodium dried
x y l e n e  ( 6 0 0  mL) w a s  a d d e d  t o  t h e  o i l - f r e e  s o d i u m  h y d r i d e ,  s t i r r e d  
f o r  10  m i n u t e s ,  t h e n  h e x a e t h y l e n e  g l y c o l  ( 1 . 5  g ,  5 . 2  m m ol) w a s  a d d e d .  
A f t e r  30  m i n u t e s ,  6  ( 1 . 0  g ,  5 . 2  m m ol)  w a s  a d d e d  i n  a d d i t i o n a l  x y l e n e  
( 1 5 0  m L ) . T h e  r e s u l t a n t  m i x t u r e  w a s  r e f l u x e d  f o r  t w e n t y - f o u r  h o u r s ,  
c o o l e d  t o  2 5  ° C ,  a n d  t h e  e x c e s s  s o d i u m  h y d r i d e  w a s  h y d r o l y z e d  w i t h  
w a t e r  (1 5 0  m L ) , T h e  a q u e o u s  l a y e r  w a s  e x t r a c t e d  w i t h  d i c h l o r o m e t h a n e  
(3  x  50  m L ) . T h e  c o m b i n e d  h a l o c a r b o n  e x t r a c t  w a s  d r i e d  o v e r  a n h y d r o u s  
m a g n e s i u m  s u l f a t e  a n d  c o n c e n t r a t e d  i n  v a c u o  t o  a f f o r d  a  y e l l o w  o i l ,  
w h i c h  w a s  c h r o m a t o g r a p h e d  (ThLC) e l u t i n g  t w i c e  w i t h  a n  e t h y l  a c e t a t e -  
c y c l o h e x a n e  ( 4 : 1 )  m i x t u r e  t o  a f f o r d  1 1 a . a s  w h i t e  m i c r o c r y s t a l s : 
mp 9 B - 1 0 0 ° C  t b e n z e n e - c y c l o h e x a n e  ( 1 : 1 ) J j  35  mg ( 4 % ) ;  R^ 0 . 1 9 ;  11MR 6
3 . 6 - 4 , 0  (m, B -5 -C H 2 , 1 8 H ) , 4 . 5  ( t ,  a -C H 2 ,  J = 5 H z ,  4 K ) , 6 . 5 5  ( d ,  3 -  
N a p h - H ,  J = 1 0 H z ,  2 H ) , 6 . 6  ( d ,  6 - N a p h - H ,  J = 8 H z ,  2 H ) ,  7 . 6  ( d ,  4 - N a p h - H ,  
J = 1 0 H z ,  2 H ) ,  7 . 7  ( d ,  5 - N a p h - H ,  J = 8 H z ,  2 H ) ; I R  (K B r)  3 5 0 0 ,  1 5 4 0 ,  1 3 5 0 ,  
1 1 2 0  c m " 1 .
A n a l . C a l c d .  f o r  C 2 0H 3 2 N(,O7C l 2 : C ,  5 5 . 3 5 ;  H ,  5 . 2 7 ;  N , 9 . 2 3 .
F o u n d :  C ,  5 5 , 0 4 ;  H ,  5 . 3 5 ;  N , 9 . 5 0 .
A f t e r  w o r k - u p ,  t h e  w a t e r  l a y e r  g a v e  a  b r o w n  o i l ,  w h i c h  w a s  
c h r o m a t o g r a p h e d  (ThLC) e l u t i n g  t w i c e  w i t h  e t h y l  a c e t a t e - c y c l o h e x a n e  
( 4 : 1 )  t o  g i v e  9 a ,  a s  c o l o r l e s s  c r y s t a l s :  mp 7 3 , 5 - 7 5 #C ; 3 0 6  mg (3 0 % ) ;
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Rf  0 . 3 5 ;  NMR 6 3 . 4 9  ( s ,  C- r-CH2 , 8H) , 3 .7 9  (m, y-« -C H2 , 8H) ,
3 . 9 5  ( t ,  6 -C H 2 , J = 5 H z ,  4H) , 4 . 8 4  ( t ,  a -C H 2 , J*=5Hz, 4 H ) , 6 . 8 4  ( d ,
3 , 6 - N a p h - H ,  J«=9Hz, 2H) , 7 . 9 1  ( d ,  4 , 5 - N a p h - H ,  J = 9 H z ,  2 H ) ; I R  (C H C I3 )
1 6 4 0 ,  1 5 3 0 ,  1 2 2 0 ,  1 0 5 0  cm” 1 ; UV (EtOH) ( c )  3 2 6  nm ( 2 . 5  x  10**),m ax
31 8  ( 1 . 8  x  l O 1* ) ,  3 1 3  ( 1 . 8  x  10**),  2 9 9  ( 1 . 3  x  1 0 1*) , 2 5 1  (5  X 10**);
MS tn/e 404 (M+ , 3 9 ) ,  364 ( 3 1 ) ,  320 ( 2 6 ) ,  276 ( 2 1 ) ,  232 ( 3 5 ) ,  204 
(C ioH8N20 3, 9 6 ) ,  160 (CeHi,N202 , 1 0 0 ) .
A n q 1 » C a l c d .  f o r  ^ 2  0 ^ 2 B^2 ^ 7 * 5 B . 6 2 ;  £ . 9 6 ;  Nf 6 . B 6 .
F o u n d :  C ,  5 B .7 3 ?  H ,  6 . 9 9 ;  N ,  6 * 7 3 .
{ g ^S -S ^ .  -  T h e  g e n e r a l  1 , 6 - p r o c e d u r e  w a s  f o l l o w e d  e x c e p t  f o r  t h e
s u b s t i t u t i o n  o f  p e n t a e t h y l e n e  g l y c o l  ( 1 . 2  g ,  5 . 2  m m o l ) .  A f t e r  
w o r k - u p ,  t h e  x y l e n e  l a y e r  g a v e  a  y e l l o w  o i l ,  w h i c h  w a s  c h r o m a t o g r a p h e d  
(ThLC) e l u t i n g  o n c e  w i t h  e t h y l a c e t a t e - c y c l o h e x a n e  ( 5 : 1 )  t o  g i v e  | b ,  
a s  w h i t e  m i c r o c r y s t a l s ;  mp 7 7 “ 7 8 ° C  [ d i e t h y l  e t h e r - h e x a n e  ( 3 : 1 ) ] ?
36 0  mg ( 3 B f t ) ;  Rf  0 . 4 5 ;  NMR 5 3 . 3 9  ( s ,  e -C H 2 ,  4 H ) , 3 . 5 2  (m , fi-CH2 , 4 H ) ,
3 . 7 9  (m, -r-CH2 , 4 H ) , 3 . 9 4  ( t ,  8 -C H 2 , J = 5 H z ,  4 H ) , 4 . 8 7  ( t ,  a -C H 2 , J =  
5 H z ,  4 H ) , 6 . 8 6  ( d ,  3 , 6 - N a p h - K ,  J = 9 H z ,  2 H ) , 7 . 8 9  ( d ,  4 , 5 - U a p h - H ,  J = 9 H z ,  
2 H ) ;  I R  (CHC13 ) 1 6 3 0 ,  1 5 2 0 ,  1 3 5 0 ,  1 2 5 0 ,  1 0 5 0  cm” 1 ; UV (EtO H ) >ma)£ <e) 
3 2 5  ( 1 . 5  x  1 0 " ) ,  3 1 9  ( 1 . 1  x  10**),  3 1 1  ( 7 . 3  x  1 0 3) ,  2 9 4  ( 7 . 3  x  1 0 3) ,
2 5 4  ( 7 . 3  x  l O 3 ) ; ' M S  m/ e  3 6 4  (M+ ,  2 8 ) , 3 2 0  ( 3 8 ) ,  2 7 6  ( 1 7 ) ,  2 3 2  ( 3 3 ) ,
1 8 8  ( 9 6 ) ,  1 6 0  (C bH „N 2 0 2 ,  1 0 0 ) .
A n a l . C a l c d ,  f o r  C 1 BH2 t(N2 0 6 : C ,  5 9 . 3 7 ;  H ,  6 . 5 9 ;  H ,  7 . 6 9 .
F o u n d ;  C ,  5 9 . 6 2 ;  H ,  6 . 8 1 ;  N ,  7 . 6 4 .
T h e  w a t e r  l a y e r  g a v e  a  y e l l o w  o i l ,  w h i c h  w a s  c h r o m a t o g r a p h e d  
(ThLC) e l u t i n g  t w i c e  w i t h  e t h y l  a c e t a t e  t o  g i v e  l i f e ,  a s  w h i t e  
n e e d l e s :  mp 1 0 1 - 1 0 3 ° C  [ b e n z e n e - c y c l o h e x a n e  ( 1 : 1 ) ] ;  2 2  mg (1 % ) ;  Rf
0 . 1 6 ;  NMR 6 3 . 5 - 4 . 0  Cm, B -e~ C H 2 , 1 6 H ) , 4 . 6  ( t ,  <x-CH2 , J = 4 H z ,  4 H ) ,
6 . 5 7  ( d ,  3 - N a p h - H , J = 9 , 5 H z ,  2H) , 6 . 6 2  ( d ,  6 - N a p h - K ,  J = 8 H z ,  2 H ) , 7 . 6 0  
( d ,  4 - N a p h - H ,  J = 9 . 5 H z ,  2 H ) , 7 . 6 9  ( d ,  5 - N a p h - H ,  J*=8 H z ,  2 H ) ; I R  (KBr) 
1 6 4 0 ,  1 3 4 0 ,  1 2 3 0 ,  1 1 1 0  c m " 1 ; UV (EtOH) \  „  U )  3 4 1  nm ( 1 . 1  x  1 0 “ ) ,
IDaX
3 28  ( 1 . 5  x  1 0 “ ) ,  3 1 5  ( 9 , 8  x  1 0 3 ) , 3 07  ( 6 . 2  x  1 0 3 ) , 2 9 9  ( 4 . 1  x  1 0 3 ) .
f i n a l . C a l c d .  f o r  C 2 6 H2 0 N^O 6 C12 : C ,  5 5 . 4 2 ;  H , 4 . 9 7 ?  N , 9 . 9 5 .
F o u n d ;  C ,  5 5 , 2 2 ;  H ,  4 . 8 8 ;  N ,  9 . B 3 .
“  T^ e  9 e n e r a l  1 , 8 - p r o c e d u r e  w a s  f o l l o w e d  e x c e p t  f o r  t h e
s u b s t i t u t i o n  o f  t e t r a e t h y l e n e  g l y c o l  ( 1 . 0  g ,  5 . 1  m m o l ) .  T h e  x y l e n e
l a y e r  a f f o r d e d  a n  o i l ,  w h i c h  w a s  c h r o m a t o g r a p h e d  (ThLC) e l u t i n g  
t w i c e  w i t h  e t h y l  a c e t a t e  t o  g i v e  l £ g :  mp 6 5 - 6 7 ° C  [ d i e t h y l e t h e r - h e x a n e
( 3 : 1 ) ] ;  37 mg ( 2 % ) ;  Rf  0 . 5 1 ;  NMR (DMSO-d6 ) i  3 . 4 6  ( t ,  6 -C H 2 , J = 5 H z ,
4 H ) , 3 , 8 4  ( t ,  y -C H 2 ,  J = 5 H z ,  4 H ) ,  4 . 0 3  ( t ,  B-CH2 , J = 5 H z ,  4 H ) , 4 . 9 8  ( t ,  
o -C H 2 , J = 5 H z ,  4 H ) , 7 . 1 0  ( d ,  3 , 6 - N a p h - H ,  J = 9 H z ,  2 H ) ,  7 . 8 9  (a, 4 , 5 -  
N a p h - H ,  J = 9 H z , 2 H ) , I R  (CHC13 ) 1 6 2 0 ,  1 4 9 0 ,  1 2 4 0 ,  1 0 6 0  c m " 1 ; UV (EtOH) 
(* )  3 2 5  <3 * 3  x  3 i 9  U - l  x  19**) , 31 2  ( 1 . 0  x  1 0 “ ) ,  29 7IHaX
( 6 . 6  x  1 0 “ ) ,  2 5 0  ( 6 , 6  x  1 0 3 ) ; MS m / e  3 2 0  (M+, 4 9 ) ,  2 7 6  ( 3 2 ) ,  2 3 2  ( 4 0 ) ,  
2 0 4  ( C i 0 H BN 2 O 3 , 9 5 ) ,  1 6 0  ( C 8H i,N 2 02 , 1 0 0 ) .
T h e  w a t e r  l a y e r  g a v e  a  y e l l o w  o i l  w h i c h  w a s  c h r o m a t o g r a p h e d  (ThLC) 
e l u t i n g  t w i c e  w i t h  e t h y l  a c e t a t e  t o  g i v e  1 1 c ; mp 3 4 - 3 5 ° C  [ b e n z e n e -
c y c l o h e x a n e  { 1 : 1 ) ] r 40  tng ( 2 % ) ;  R^ 0 . 1 9 ;  NMR 6  3 , 6 - 4 . 1  (m , B - 6 -C H 2 , 
1 2 H ) ,  4 . 5  ( t ,  a - C H j , J = 4 H z ,  4H) , 6 . 5 5  ( d ,  3 - N a p h - H ,  J = 9 . 5 H z ,  2H) ,
6 . 6 3  ( d ,  6 - N a p h - H , J = 8 H z ,  2 H ) r 7 . 6 2  ( d ,  4 - N a p h - H ,  J = 9 . 5 H z ,  2H) , 7 . 7 4  
( d ,  5 - N a p h - H ,  J = 8 H z ,  2 H ) ; I R  (K B r)  1 6 4 0 ,  1 3 5 0 ,  1 2 2 0  1 1 1 0  c m " 1 ; UV 
(EtOH) X ( e )  3 4 5  ( 1 , 7  X 1 0 “ ) ,  3 3 0  ( 2 , 3  x  1 0 “ ) ,  3 1 5  ( 1 . 5  x  1 0 “ ) ,
3 07  ( 8  x  1 0 3 ) , 3 0 0  (4  x  1 0 3 ) .
A n a l . C a l c d .  f o r  C 2 6 H2 i,N .,05 C 1 2 s C ,  5 7 , 4 6 ;  H ,  4 . 4 2 ;  N , 1 0 . 3 1 .  
F o u n d :  C ,  5 7 , 1 8 ;  H ,  4 . 4 1 ;  N ,  1 0 . 3 9 ,
'  “  T lle  9 e n e r a l  1 , 8 - p r o c e d u r e  w a s  f o l l o w e d  e x c e p t
f o r  t h e  s u b s t i t u t i o n  o f  t r i e t h y l e n e  g l y c o l  ( 1 , 0  g ,  6 . 2  m m o l ) .  T h e  
x y l e n e  l a y e r  g a v e  n o  m a c r o c y c l i c  p r o d u c t s .  T h e  a q u e o u s  l a y e r  g a v e  
a  y e l l o w  o i l  w h i c h  w a s  c h r o m a t o g r a p h e d  (ThLC) e l u t i n g  t w i c e  w i t h  
e t h y l  a c e t a t e  t o  g i v e  y j :  mp 9 3 - 9 4 ° C  ( b e n z e n e - c y c l o h e x a n e  ( 1 : 1 ) ] ;
71  mg ( 3 % ) ;  Rf  0 , 1 7 ;  NMR 5 3 , 6 - 4 , 0  (m , 6 - y - C H 2 , 8 H ) , 4 . 6  ( t ,  o -C H 2 , 
J = 4 H z ,  4 H ) , 6 , 5 5  ( d ,  3 - N a p h - H ,  J = 1 0 H z ,  2 H ) , 6 , 5 9  ( d ,  6 - N a p h - H ,
J = 8 H z ,  2 H ) ,  7 , 6 5  ( d ,  4 - N a p h - H ,  J = 1 0 H2 ,  2 H ) , 7 . 7 0  ( d ,  5 - N a p h - H ,  J = 8 H z ,  
2 H ) ,  I R  (KBr) 16210, 1 4 5 0 ,  1 2 2 0 ,  1 1 2 0 ,  1 0 4 0  c m " 1 ; UV (EtOH) Xm ax  ( e )
3 4 2  nm ( 1 . 5  x  1 0 “ ) ,  3 2 9  ( 1 . 9  x  1 0 “ ) ,  3 1 6  (1  x  1 0 “ ) ,  3 0 6  ( 6  x  1 0 3 ) ,
2 9 9  ( 2 , 6  x  1 0 3 ) ;  MS m / e  4 7 9  (M+ + 4 ,  5 ) ,  4 7 7  (M+ + 2 ,  3 0 ) ,  4 7 5  (M+ , 4 6 ) ,
312  (C in H  161)201,01, 5 7 ) ,  2 6 8  ( C 1 3 H 1 3N 2 0 3 C l ,  3 0 ) ,  2 24  (C i  0H eN 2 O2 C l , 3 6 ) ,
1 8 0  (C eH^N2 O C l ,  1 0 0 ) .
A n a l , C a l c d .  f o r  C ^ H ^ N i ^ C ^ ; C ,  5 5 , 6 0 ;  H , 4 , 2 3 ;  N ,  1 1 , 8 0 .  
F o u n d ;  C ,  5 5 , 4 9 ;  H ,  4 , 5 5 ;  N ,  1 1 . 7 0 .
M e t h o d  B ,  -  T o  a  s t i r r e d  s u s p e n s i o n  o f  NaH ( 9 6 0  m g ,  20  mmol) 
i n  d r y  DMF (1 0  m L ) ,  t r i e t h y l e n e  g l y c o l  ( 1 , 5  g ,  10 m m ol) i n  DMF ( 2 5  mL)
w a s  s l o w l y  a d d e d .  T h e  m i x t u r e  w a s  s t i r r e d  a t  r o o m  t e m p e r a t u r e  f o r  
1 h o u r  a n d  6  (2  g ,  1 0  m m ol)  i n  DMF { 100  mL) w a s  s l o w l y  a d d e d .  T h e  
r e a c t i o n  w a s  h e a t e d  a t  8 0 ° C  f o r  72  h o u r s ,  w a s  c o o l e d  a n d  w a t e r  (5 0  mL) 
w a s  c a u t i o u s l y  a d d e d .  T h e  s o l v e n t  w a s  r e m o v e d  iui v a c u o  a n d  t h e  r e ­
s u l t i n g  s o l i d  w a s  w a s h e d  w i t h  m e t h y l e n e  c h l o r i d e  (3  x  100  mL) a n d  
f i l t e r e d .  T h e  f i l t r a t e  w a s  d r i e d  o v e r  m a g n e s i u m  s u l f a t e ,  f i l t e r e d ,  a n d  
c o n c e n t r a t e d  i n  v a c u o  t o  g i v e  a n  o i l ,  w h i c h  w a s  c h r o m a t o g r a p h e d  (ThLC) 
o n  a l u m i n a  e l u t i n g  o n c e  w i t h  c h l o r o f o r m  t o  g i v e  1 0 d ,  a s  a  w h i t e  s o l i d :  
mp 2 1 9 - 2 2 0 ° C  ( e t h a n o l ) ;  6 7  mg ( 2 % ) ;  Rf  0 . 3 6 ;  NMR 6 3 . 7 4  ( s ,  y -C H 2 , 8 H ) , 
3 . 8 9  (m, e -C H 2 , 8 H) , 4 . 7 0  (m, o -C H 2 , 8 H ) , 6 . 7 7  ( d ,  3 , 6 - N a p h - H ,  J = 9 H z ,  
4 H ) , 7 , 7 8  ( d ,  4 , 5 - N a p h - H ,  J = 9 H z ,  4 H ) ; IP. ( n e a t ) ,  1 6 0 0 ,  1 4 9 5 ,  1 4 3 0 ,
1 3 2 0 ,  1 2 5 0 ,  1 1 0 5 ,  1 0 5 0 ,  9 4 0 ,  8 4 5 ,  BOO c m " 1 ; MS m / e  552  (M+, 1 . 4 ) ,
2 7 5  ( 3 0 ) ,  2 3 1  ( 1 8 . 9 ) ,  1 8 9  (C 8 H 6 N 2 0 2 ,  > I 6 2  ( 9 7 . 6 ) ,  1 4 5  ( 3 6 . 9 ) .
A n a l , C a l c d ,  f o r  C 2 eH 3 2 N ^ 0 B*H2 0 :  C ,  5 8 . 9 4 ;  H ,  5 . 6 1 ;  H , 9 . 8 2 .
F o u n d ;  C , 5 9 , 1 2 ;  H , 5 . 8 1 ;  N ,  9 . 8 9 .
~  T lie  9 e n e r f l l  1 , 8 - p r o c e d u r e  w a s  f o l l o w e d  e x c e p t  
f o r  t h e  s u b s t i t u t i o n  o f  d i e t h y l e n e  g l y c o l  ( 2 7 0  m g ,  2 , 5  m m o l ) .  T h "  
w a t e r  l a y e r  g a v e  a n  o i l ,  w h i c h  w a s  c h r o m a t o g r a p h e d  (ThLC) e l u t i n g  
t h r e e  t i m e s  w i t h  e t h y l  a c e t a t e  t o  a f f o r d  l i e , a s  w h i t e  m i c r o c r y s t a l s :  
mp 8 7 - 8 8 ° C j  54 mg ( 5 % ) ;  Rf  0 . 1 6 ;  NMR 6 3 , 8 - 4 , 1  (m , 8 -C H 2 , 4 H ) , 4 . 5  
(m, o -C H 2 , 4 H ) , 6 . 5 5  ( d ,  3 - N a p h - H ,  J * 1 0 H z ,  2H) , 6 . 6 0  ( d ,  6 - N a p h - H ,  
J = 8 H z ,  2 H ) ,  7 , 6 3  ( d ,  4 - N a p h - H ,  J = 1 0 H z ,  2 H ) , 7 . 7 1  ( d ,  5 - N a p h - H ,  J= B H z ,  
2 H ) ;  I R  (K B r)  1 6 3 0 ,  1 3 2 5 ,  1 2 2 0 ,  1 1 3 0  c m " 1 ; UV (E tO H ) >m ax ( e )  344  
( 1 . 4  x  1 0 1* ) ,  3 2 8  (2  x  10**) , 3 1 4  ( 1 . 2  x  lO*1} ,  3 0 5  ( 6 . 5  X 1 0 * ) ,  2 9 8  
(3  x  1 0 3) ;  MS m / e  4 3 5  (M+ + 4 ,  6 5 ) ,  4 3 3  (M+ + 2 ,  4 0 ) ,  4 3 1  (M+, 6 2 ) ,
2 6 8  ( 2 9 ) ,  224  (1 8 0  ( C bH^N2 O C 1, 8 5 ) ,  16 4  ( C 8H^N2 C l ,  1 0 0 ) .
A n a l . C a l c d ,  f o r  C2 d H j6 N j ,0 3 C12 : C ,  5 5 . 6 8 ?  H ,  3 . 7 1 ;  N ,  1 2 . 9 9 .
F o u n d :  C ,  5 5 . 4 5 :  H ,  3 . 9 1 ;  N ,  1 2 . 6 9 .
9 e n e r a l  1 , 8 - p r o c e d u r e  a s  a b o v e  w a s  f o l l o w e d
e x c e p t  f o r  t h e  s u b s t i t u t i o n  o f  d i e t h y l e n e  g l y c o l  ( 1 . 0 6  g ,  1 0  i r a n o l ) .
T h e  r e s u l t i n g  o i l  w a s  c h r o m a t o g r a p h e d  ( T h L C - a l u m i n a )  e l u t i n g  t w i c e
w i t h  c h l o r o f o r m  t o  g i v e  t w o  m a c r o c y c l e s .  F r a c t i o n  A a f f o r d e d  l f ig
a s  c o l o r l e s s  n e e d l e s :  mp 2 5 4 - 2 5 5 ° C  [ c h l o r o f o r m - i s o p r o p a n o l ] ; 78  mg
(2 % ) ;  Rf  0 . 4 6  ( c h l o r o f o r m - a l u m i n a ) ■ NMR 6 4 . 0 4  (m, B-CH2 , 8 H ) , 4 , 8 2
(m, o -C H z , 8 H ) , 6 , 5 8  ( d ,  3 , 6 - N a p h - H ,  J = 8 . 5 H z ,  4 H ) , 7 . 6 7  ( d ,  4 , 5 -
N a p h - H ,  J = 8 , 5 H z , 4 H ) ; I R  ( n e a t )  1 6 3 0 ,  1 5 1 0 ,  1 3 3 0 ,  1 2 7 0 ,  1 1 3 0 ,  80 0
cm 1 ? MS m / e  4 6 4  (M^ i 4 . 5 ) ,  2 5 9  ( 2 2 ) ,  2 3 1  ( 5 1 ) ,  1 8 9  (CgHgNz Oz , 1 0 0 ) ,
1 6 2  ( 5 0 )  , 1 4 5  ( 3 6 . 5 )  .
A n a l . C a l c d ,  f o r  C2 i)H 2 t(N 4 0 6 ' H20 t  C ,  5 9 . 7 5 ;  H , 4 . 9 7 ;  N ,  1 1 . 6 2 .
F o u n d :  C ,  5 9 . 8 5 ;  H ,  4 . 9 9 ;  N ,  1 1 . 5 6 ,
F r a c t i o n  B a f f o r d  1 2 ,  a s  c o l o r l e s s  m i c r o c r y s t a l s :  mp 2 3 0 -
2 3 0 . 5 ° C ;  36 mg ( 1 % ) ;  3 ^  0 . 3 7  ( c h l o r o f o r m - a l u m i n a ) ;  NMR 6 3 . 9 7  (m,
B-CH2 , 1 2 H ) , 4 . 6 9  (m, b -C H 2 ,  1 2 H ) ,  6 . 7 8  ( d ,  3 , 6 - N a p h - H ,  J = 9 H z ,  6 H ) ,
7 , 7 9  ( d ,  2 , 5 - N a p h - H ,  J = 9 H z ,  6 H ) ; I R  ( n e a t )  1 6 1 0 ,  1 5 1 0 ,  1 3 4 0 ,  1 2 7 0 ,
1 1 3 5 ,  1 0 2 5 ,  8 5 0 ,  8 0 5  c m " 1 .
A n a l . C a l c d .  f o r  C 3 6 H 3 6 N 6 0 9 : C ,  6 2 , 0 7 ;  H , 5 . 1 7 ;  N ,  1 2 . 0 7 .
F o u n d :  C ,  6 1 . 7 7 ;  H ,  5 , 4 0 ;  N ,  1 1 . 9 9 .
"  P r i s m a t i c ,  c o l o r l e s s  c r y s t a l s  o f  9 £
w e r e  g r o w n  f r o m  a  m i x t u r e  o f  d i e t h y l  e t h e r - p e t r o l e u m  e t h e r  (b p  3 0 -
4 5 #C ) .  A c r y s t a l  o f  d i m e n s i o n s  0 . 3 3  x  0 . 4 5  x  0 . 5 2  mm w a s  u s e d  f o r
d a t a  c o l l e c t i o n  o n  a n  E n r a f - N o n i u s  CAD 4 d i f f r a c t o m e t e r  e q u i p p e d  w i t h
0
a  g r a p h i t e - m o n o c h r o m a t i z e d  Mo x - r a v  t u b e  (X ■ 0 . 7 1 0 6 9  A f o r  MoKa ) ,
© K t t a l - J S e t S *  c i e H 2 nH2 0 6 ( 9 b ) ,  MW = 3 6 4 . 4 ,  t r i c l i n i c  s p a c e  
g r o u p  P I ,  a  *= 8 . 9 6 9  (3 )  ,  b  = 1 0 , 3 2 5 ( 3 )  , c  = 2 0 . 1 0 7 ( 5 )  A ,  t» = 8 6 . 0 2  (2 )  ,
£  = B 9 . 0 K 2 ) ,  x  =  7 9 . 1 5 ( 2 ) " ’ ,  2 =  4 ,  d c  *  1 . 3 2 7  g  c m " 3 , u (MoKq > =
0 . 9 3  c m " 1 . I n t e n s i t y  d a t a  w e r e  c o l l e c t e d  b y  t h e  u j-20  s c a n  t e c h n i q u e .  
S c a n  s p e e d s  v a r i e d  f r o m  0 , 6 0  d e g .  m i n " 1 t o  2 0 . 0  d e g .  m i n " 1 i n  o r d e r  
t o  m e a s u r e  a l l  r e f l e c t i o n s  w i t h  a p p r o x i m a t e l y  e q u a l  p r e c i s i o n .  A 
m axim um  o f  1 2 0  s e c ,  w a s  s p e n t  o n  t h e  m e a s u r e m e n t  o f  a n y  r e f l e c t i o n ,  
a n d  r e f l e c t i o n s  j u d g e d  t o  b e  i n s i g n i f i c a n t l y  i n t e n s e  i n  a  r a p i d  p r e ­
s c a n  w e r e  f l a g g e d  a s  " u n o b s e r v e d "  a n d  w e r e  n o t  s c a n n e d  s l o w l y .  No 
s i g n i f i c a n t  d e c r e a s e  i n  t h e  i n t e n s i t i e s  o f  p e r i o d i c a l l y  m e a s u r e d  
r e f l e c t i o n s  w a s  n o t e d .  A l l  r e f l e c t i o n s  w i t h i n  o n e  h e m i s p h e r e  h a v i n g  
1 °  £  2 0  £. 2 0 °  w e r e  m e a s u r e d ,  y i e l d i n g  3 7 3 2  d a t a .  A v e r a g i n g  e q u i v a ­
l e n t  r e f l e c t i o n s  l e d  t o  2 3 7 4  " o b s e r v e d "  d a t a ,  w h i c h  w e r e  u s e d  i n  
f u r t h e r  c a l c u l a t i o n s .  B a c k g r o u n d ,  L o r e n t z ,  a n d  p o l a r i z a t i o n  c o r r e c ­
t i o n s  w e r e  a p p l i e d  t o  t h e s e  d a t a ,  b u t  a b s o r p t i o n  c o r r e c t i o n s  w e r e  
d e e m e d  i n s i g n i f i c a n t .
T h e  s t r u c t u r e  o f  9 b  w a s  
s o l v e d  r o u t i n e l y  b y  u s e  o f  MULTAN782 6 , a n d  c o m p l e t e d  b y  F o u r i e r  
m e t h o d s  u s i n g  p r o g r a m  SH5LX2 7 . T h e  m o d e l  w a s  r e f i n e d  b y  l e a s t - s q u a r e  
t e c h n i q u e s ,  t r e a t i n g  C ,  N ,  a n d  0  a t o m s  a n i s o t r o p i c a l l y , a n d  f i x i n g  H 
a t o m s  i n  c a l c u l a t e d  p o s i t i o n s .  A r o m a t i c  h y d r o g e n  a t o m s  w e r e  r e f i n e d  
w i t h  a  common i s o t o p i c  t e m p e r a t u r e  f a c t o r ,  a n d  m e t h y l e n e  h y d r o g e n  a t o m s  
w e r e  t r e a t e d  s i m i l a r l y .  C o n v e r g e n c e  w a s  a c h i e v e d  w i t h  R = 0 , 0 5 5 ,  C o o r ­
d i n a t e s  o f  n o n h y d r o g e n  a t o m s  a r e  l i s t e d  i n  T a b l e  1 ,  a n i s o t r o p i c  t h e r m a l  
p a r a m e t e r s  a n d  h y d r o g e n  a t o m s  p a r a m e t e r s  a r e  g i v e n  i n  t h e  s u p p l e m e n t a r y  
m a t e r i a l .
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S u p p l e m e n t a r y  M a t e r i a l s , A v a i l a b l e : A n i s o t r o p i c  t h e r m a l
p a r a m e t e r s  a n d  h y d r o g e n  a t o m  p a r a m e t e r s  f o r  t h e  x - r a y  s t r u c t u r e  o f  
gfe (2 p a g e s ) . O r d e r i n g  i n f o r m a t i o n  i s  g i v e n  o n  a n y  c u r r e n t  m a s t h e a d  
p a g e ,
a r e  ma^ e  t o  N a t i o n a l  I n s t i t u t e s  o f  H e a l t h  
a n d  t h e  A ,  P .  S l o a n  F o u n d a t i o n  t o  t h e  S . R . E . B .  ( t r a v e l  g r a n t )  f o r  
p a r t i a l  s u p p o r t  o f  t h i s  r e s e a r c h  a n d  t o  P r o f e s s o r  J ,  L .  A tw o o d  
( U n i v e r s i t y  o f  A l a b a m a )  f o r  h i s  a s s i s t a n c e  i n  o b t a i n i n g  t h e  x - r a y  
d a t a .
294
1 .  ( a )  F o r  t h e  p r e v i o u s  p a p e r  i n  t h i s  s e r i e s ,  s e e :  N ew kom e, G. R . ;
O n i s h i ,  M. ■ P u c k e t t ,  W. E . ;  D e u t s c h ,  W. A .  J .  Am. C hem . S o c .
1 9 8 0 , 1 0 2 , 4 5 5 1 .  (b )  P a r t  o f  w o r k  w a s  f r o m  t h e  M. S .  t h e s i s
o f  S .  J .  G. ( e )  On l e a v e  f r o m  t h e  I n s t i t u t e  D i  M i n e r a l o g i a ,  v i a  
S a n  M a s s im o  2 4 ,  1 0 1 2 3  T o r i n o  ( I t a l y ) .
2 .  N ew kom e, G. R . ; S a u e r ,  J .  D . % R o p e r ,  J .  M . ? H a g e r ,  D. C .  C hem .
R e v . 1 9 7 7 . 7 7 ,  5 1 3 .
3 .  ( a )  N ew kom e, G. R . ; R o b i n s o n ,  J .  M. J .  C .  S .  C hem . Comm. 1 9 7 3 .
8 3 1 ?  (b )  N ew kom e, G . R . ; M c C l u r e ,  G . L . ; B r o u s s a r d - S i m p s o n ,  J . ; 
D a n e s h - K h o s h b o o ,  F .  J .  Am. C h em .- S o c . ! £ £ § »  97^, 3 2 3 2 ;  ( c )
N ew kom e, G. R . : H a y a k ,  A . ;  M c C l u r e ,  G . L . ; D a n e s h - K h o s h b o o ,  F . ;  
B r o u s s a r d - S i m p s o n ,  J .  J .  O r g . C hem . 1 £ 7 7 ,  4 £ ,  1 5 0 0 ;  (d )  N ew kom e,
G . R . ; D a n e s h - K h o s h b o o ,  F . ;  N a y a k ,  A . ;  B e n t o n ,  W. H. i b i d . 1 9 7 8 .
4 3 , 2 6 8 5 ?  ( e )  N ew kom e, G. R . ; N a y a k ,  A . ;  S a u e r ,  J .  D . ; H a t t s c h e i ,
P .  K . H e t e r o c y c l e s , 1 S 2 2 ,  9., 1 5 5 5 ;  ( f )  N ew kom e, G. R . ; N a y a k ,  A . ;
F r o n c z e k ,  F , ;  K a w a t o ,  A . ;  T a y l o r ,  H . C .  R . j  M e a d e ,  L . ;  M a t t i c e ,
W. J .  Am. C h em . S o c . 1 9 7 9 . 1 0 1 , 4 4 7 2 ;  Cg) N ew kom e, G. R . ; M a j e s t i c ,  
V ,  K . ;  F r o n c z e k ,  F . ; A tw o o d ,  J .  L ,  J ,  Am. C hem . S o c . 1 9 7 9 , 1 0 1 , 
1 0 4 7 ?  (h )  N ew kom e, G. R . ; K a w a t o ,  T ,  J .  O r g . C hem . 1 9 7 9 . 4 4 ,
2 6 9 3 ;  ( i )  N ew k o m e,  G , R . ; N a y a k ,  A , ;  K a w a t o ,  T .  J .  O r g . C hem .
1 9 7 9 . 4 4 , 2 6 9 7 ;  ( j )  N ew kom e, G. R . ; N a y a k ,  A . ;  S a u e r ,  J .  D . ; 
M a t t s c h e i ,  P .  K , ;  W a t k i n s ,  S ,  F , ? F r o n c z e k ,  F . ;  B e n t o n ,  W. H .
J .  O r g . C hem . 1 9 7 9 . 4 4 ,  3 B 1 6 ;  (k )  N ew kom e, G. R . ; K a w a t o ,  T .
J .  Am. C h em . S o c . 1 9 7 9 .  1 0 1 , 7 0 8 8 ;  (1 )  F r o n c z e k ,  F .,*  W a t k i n s ,
S .  F . ; N ew k o m e,  G. R . J .  C .  S .  P e r k i n  I I ,  i ^ 8 0 ,  0 0 0 0 ;  (m) 
F r o n c z e k ,  F .  R . ; M a j e s t i c ,  V .  K . ;  N ew kom e, G. R . ; H u n t e r ,
W. E . ;  A tw o o d ,  J .  L .  A c t a  C r y s t . J 2 2 Q ,  0 0 0 0 ;  (n )  N ew kom e,
G . R . ; K a w a t o ,  T . ; B e n t o n ,  W. H. J .  O r g . C hem . 1 M 0 ,  4!>, 6 2 6 ;
(o )  N ew kom e, G. R . ; K o h l i ,  D . K . ;  F r o n c z e k ,  F . ; C h i a r i ,  G.
J .  Am. C hem . S o c . ,  1 9 B 0 . 1 0 2 , 0 0 0 0 ;  (p )  N ew kom e, G. R . ; 
F r o n c z e k ,  F .  R . ; K o h l i ,  D . K . J .  Am. C hem . S o c . ljyjO., s u b m i t t e d  
N ew kom e, G. R . ; N a y a k ,  A . ;  O tem m a ,  J . ; V a n ,  D . A . ;  B e n t o n ,  W. H 
J .  O r g . C hem . i 2 2 § ,  £ 3 ,  3 3 6 2 ;  F r o n c z e k ,  F . ;  N a y a k ,  A . ;  N ew kom e, 
G. R . ; A tw o o d ,  J .  L .  A c t a  C r y s t . l £ 2 2 t  B 3 5 , 7 7 5 ;  N ew kom e, G. R .
N a y a k ,  A . ;  S o r c i ,  M. G . ; B e n t o n ,  W. H .  J .  O r g . C h em . 1 9 7 9 , 4 4 ,
3 8 1 2 .
N ew kom e, G. R . ;  N a y a k ,  A . J .  O r g . C hem . 1 9 7 8 . 4 2 , 4 0 9 .
K a w a t o ,  T . ; B e n t o n ,  W. H . u n p u b l i s h e d  r e s u l t s .
N ew kom e, G . R . ; K o h l i ,  D. K . ; F r o n c z e k ,  F .  J ,  C . S .  C hem . Comm. 
1JL§0, 9 ;  D r e w ,  M. G. 3 , ;  M c F a l l ,  S .  G . ;  N e l s o n ,  S .  M . ; W a t e r s ,  
C .  P .  J .  C hem . R e s e a r c h fS)  1 9 7 9 . 1 6 ;  (M) 1 9 7 9 . 0 3 6 0 ;  C o o k ,  D . H 
F e n t o n ,  D. E . ; D r e w ,  M. G. B . ;  R o d g e r s ,  A . ;  M c C a n n ,  M . ; N e l s o n ,  
S .  M. J .  C . S .  D a l t o n  T r a n s . 1 9 2 2 *  4 1 4 ;  D r e w ,  M. G . B . ;  R o d g e r s  
A . ;  M c C a n n ,  M . ; N e l s o n ,  S .  M. J .  C .  S .  C h em . Comm. 1 9 7 8 . 4 1 5 .  
S t a n i e w i c z ,  R .  J . ; H e n d r i c k e r ,  D . G . J .  Am. C hem . S o c . 1 9 7 7 ,
9 9 ,  6 5 8 1 .  C a v a n a u g h ,  M. A . ;  C a p p o ,  V .  M . ; A l e x a n d e r ,  C .  J . ;  
G o o d ,  M. L .  I n o r g . C h em .  1 9 7 6 . 1 5 , 2 6 1 5 ,  a n d  r e f e r e n c e s  c i t e d  
t h e r e i n .  M e a l l i ,  C . ; S a c c o n i ,  L .  A c t a  C r y s t .  1 9 7 7 . B 3 3 , 7 1 0 .
P a u d l e r ,  W. W . ; K r e s s ,  T .  J .  A d v .  H e t e r o c y c l . C hem . 1 9 7 0 ,
U ,  1 2 3 .
H a r t ,  E .  P .  J .  C hem . S o c . 1 9 5 4 . 1 8 7 9 .
B r o w n ,  E .  V . j  P l a s z ,  A . C .  J .  O r g . C h e m . 1 9 7 1 , 3 6 , 1 3 3 1 .  
T i t k o v a ,  R .  M. ?  E l i n a ,  A . S . ?  K o s t y u c h e n k o ,  N . P .  K h im . 
G e t e r o t s i k l . S o e d i n . 1 9 7 2 , 1 2 3 7 .
F r y d m a n ,  B . ;  L o s ,  M . ; R a p o p o r t ,  H .  J .  O r g .  C hem . 1 9 7 1 , 3 6 ,  4 5 0  
N ew kom e, G . R . ; G a r b i s ,  S .  J .  J .  H e t e r o c y c l . C hem . 1 9 7 8 , 1 5 , 
6 8 5 .
C a r b o n i ,  S . ;  D a S e t t i n o ,  A . ;  P i r i s i n o ,  G. A n n . C h im . (Rome)
1 9 6 4 . 5 4 ,  8 8 3 .
C a r b o n i ,  S . ;  D a S e t t i n o ,  A , ;  F e r r a r i n i ,  L .  G a z z . C h im . I t a l .
1 9 6 5 , 9 5 ,  1 4 9 2 .
T a s k i n e n ,  E , ;  M u k k a l a ,  V . - M . ;  P e n t i k a i n e n ,  M . - L .  T e t r a h e d r o n  
M 7 £ ,  1 5 ,  5 4 7 ;  L u m b r o s o ,  H , ;  P a l a m i d e s s i ,  G. B u l l . S o c . C h im . 
F r .  1 9 6 5 . 3 1 5 0 .
M a t t i c e ,  W. L . ; N ew kom e, G , R .  i b i d . 1 9 7 9 , 1 0 1 ,  4 4 7 7 .
H e l g e s o n ,  R ,  C . ;  T i m k o ,  J .  M . ; C ra m ,  D .  J .  J .  Am. C hem . S o c . 
1 9 7 4  . 9 6 ,  7 3 8 0 ,  W e b e r ,  E . ; V o g t l e ,  F ,  C hem . B e r . 1 9 7 6 , 1 0 9 , 
1 8 0 3 .  G r a y ,  R ,  T . ;  R e i n h o u d t ,  D , N . ;  S m i t ,  C .  J . j  V e e n s t r a ,  I
R e c ,  T r a v . C h im . P a y s . B a s . 1 £ 2 S ,  9 5 ,  2 5 8 .
B r o w n ,  H. S . ;  M u e n c h a u s e n ,  C .  P . ;  S o u s a ,  L .  R .  J .  O r g . C hem .
1 9 8 0 .  4 5 ,  1 6 8 2 ,  a n d  r e f e r e n c e s  c i t e d  t h e r e i n .
C l e a r f i e l d ,  A . ;  S im m s ,  M. J . ;  S i n g h ,  P .  A c t a  C r y s t . 1 9 7 2 . B 2 8 , 
3 5 0 .
S i n g h ,  P . j  C l e a r f i e l d ,  A . ;  B e r n a l ,  I .  J .  C o o r d . C hem . ^ 2 7 2 ,  1 ,  
1 6 7 .
C l e a r f i e l d ,  A , ;  G o p a l ,  R . f  O l s e n ,  R .  W. X n o r g . C hem . 1 9 7 7 , 3 6 , 
9 1 1 .
T r i s l e r ,  J .  C . f  F r e a s i e r ,  B .  F . j  Wu, S . - M .  T e t r a h e d r o n  L e t t .
1 9 2 i ,  6 8 7 .  N ew k om e,  G. R . ; R o b i n s o n ,  J .  M. i b i d .  1 9 2 4 ,  6 9 1 .  
S a m p l e s  o f  p e n t a -  a n d  h e x a e t h y l e n e  g l y c o l s  s h o u l d  b e  a n a l y z e d  
(HPLC) p r i o r  t o  u s e  d u e  t o  t h e  v a r i a b i l i t y  i n  p u r i t y .  P r o f e s s o r  
K. P o t t s  ( R e n s s e l a e r  P o l y t e c h n i c  I n s t i t u t e )  p e r s o n a l  c o m m u n ic a ­
t i o n ,  1 9 8 0 .
M a i n ,  P . :  H u l l ,  S .  E . ;  L e s s i n g e r ,  L . j  G e r m a i n ,  G . ; D e c l e r c g ,
J .  P . ;  W o o l f s o n ,  M. M. MULTAN. A S y s t e m  o f  C o m p u t e r  P r o g r a m s  
f o r  t h e  A u t o m a t i c  S o l u t i o n  o f  C r y s t a l  S t r u c t u r e  f r o m  X -R a y  
D i f f r a c t i o n  D a t a .  U n i v s .  o f  Y o r k ,  E n g l a n d ,  a n d  L o u v a i n ,  B e l g i u m ,  
1 9 7 8 .
S h e l d r i c k ,  G . M. SHELX76. P r o g r a m  f o r  c r y s t a l  s t r u c t u r e  d e t e r ­
m i n a t i o n ,  U n i v .  o f  C a m b r i d g e ,  E n g l a n d ,  1 9 7 6 .
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F i g u r e  1 .  T h e  200  MHz 'H  NMR s p e c t r u m  o f  7a  i n  CD2 C l 2 a t  4 0 ° C .
OO
3,6
8 (ppm)
3% Eu(FOD)
2% Eu(FOD),
I % Eu(FOD).
F i g u r e  2 .  T h e  2 0 0  MHz *H NMR s p e c t r u m  o f  | b  i n  CD: C 1 2  a t  4 0 " C  
w i t h  0-3%  a d d e d  E u ( F O D ) 3 .
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F i g u r e  3 .  P r o s p e c t i v e  d r a w i n g  o f  m a c r o c y c l e  9 b .  N o n h y d r o g e n
a t o m s  a r e  r e p r e s e n t e d  b y  t h e r m a l  e l l i p s o i d s  d r a w n  a t  
t h e  30% p r o b a b i l i t y  l e v e l ,  a n d  h y d r o g e n  a t o m s  a r e  
d r a w n  a s  s p h e r e s  o f  a r b i t r a r y  r a d i u s .
301
^ C7^ *
r NB C
F i g u r e  4 .  A v e r a g e  i n t e r a t o m i c  d i s t a n c e s  a n d  n u m b e r i n g  s c h e m e .
S t a n d a r d  d e v i a t i o n s  i n  i n d i v i d u a l  d i s t a n c e s  a r e  a b o u t
O
0 . 0 0 8  A w i t h i n  t h e  n a p h t h y r i d y l  s u b u n i t  a n d  f r o m  0 . 0 0 8 -
O
0 . 0 1 2  A w i t h i n  t h e  p o l y e t h e r e a l  b r i d g e .  W h e r e  d i s t a n c e s  
d i f f e r  b y  m o r e  t h a n  2 o b e t w e e n  t h e  t w o  i n d e p e n d e n t  m o l e ­
c u l e s ,  b o t h  a r e  g i v e n .
F i g u r e  5
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A v e r a g e  b o n d  a n g l e s .  S t a n d a r d  d e v i a t i o n s  a r e  a b o u t  
0 . 4 - 0 . 6 ° .  B o t h  a n g l e s  a r e  g i v e n  i f  t h e y  d i f f e r  b y  m o r e  
t h a n  2a.
TABLE 1. Coordinates (x 10M) for the nonhvdrogen atoms in 9b,
ATOM X/A Y/B z / c
N1 6080 ( 5) 2 8 7 1 ( 6 ) 9 2 9 9 ( 2 )
0 2 5062  CT) 3 8 8 9 ( 6 ) 9 0 0 8 ( 3 )
03 3729 C T) 3 8 1 6 ( 6 ) 8 7 2 6 ( 3 )
CO 3 3 9 3 ( 6 ) 2 6 0 6 ( 6 ) 8 6 0 0 ( 3 )
05 0 2 2 3 ( 7 ) 1 5 1 ( 6 ) 8 8 1 9 ( 3 )
06 5 3 2 2 ( 7 ) - 8 6 0 ( 6 ) 9 0 7 5 ( 3 )
CT 6 5 7 3 ( 6 ) - 5 7 0 ( 6 ) 9 3 8 9 ( 3 )
Nft 6 8 3 1 ( 5 ) 621 ( It) 9 0 7 3 ( 2 )
09 5 7 3 2 ( 7 ) 1 6 0 6 ( 6 ) 9 2 1 0 ( 3 )
CIO 0058 (7  ) 1 0 6 7  ( 5 ) 8 8 8 8 ( 3 )
0 1 5 3 0 3 ( 5 ) 5 1 3 6 ( b ) 9 1 1 0 ( 2 )
O i l 6 7 0 8 ( 0 ) 5 ? 7 B ( 5 ) 9 a 0 1 ( 3 )
0 1 2 7 8 9 9 ( 7 ) 5 5 3 0 ( 6 ) BR8 2 ( 3 )
0 2 8 1 0 6 ( 5 ) 0062 ( 6 ) 8 0 0 8 ( 2 )
C13 9 3 8 5 ( 8 ) 0568 ( 6 ) 8 0 0 0 ( 6 )
CIO 9 0 8 0 ( 9 ) 3 0 9 8 ( 6 ) 7 5 1 0 ( 3 )
03 1 0 0 7 0( 5) 2 2 0 0 ( 6 ) 7 8 0 5 ( 2 )
CIS 6 9 3 5 ( 8 ) 1 5 2 5 ( 6 ) 8 0 6 8 ( 3 )
C16 9 0 7 6 ( 9 ) 71 (6 ) 8 0 3 6 1 3 )
0 0 10 09 0 ( 5) - 0 5 0 ( b ) 8 5 6 0 ( 2 )
C17 1 1 2 8 6 ( 8 ) - 1 7 7 2 ( 6 ) 8 0 8 0 ( 3 )
CIS 11811 ( 7 ) - 2 0 3 0 ( 6 ) 91 65 ( 3)
05 106«O(51 —3 1 0 6 ( 6 ) 9 0 5 5 ( 2 )
C1 9 1 0 0 6 9( 7) - 2 6 1 5 ( 6 ) 1 0 0 6 7 ( 3 )
0 2 0 8 9 2 0 ( 7 ) - 1 3 3 8 ( 5 ) 9 9 5 7 ( 3 )
06 7 6 1 6 ( 5 ) - 1 6 3 0 ( 3 ) 9 6 2 7 (  2)
ATOM X/A V/B Z / C
N1 * 1 2 9 9 ( 5 ) 2 0 7 2 ( 5 ) 0 3 0 9 ( 2 )
0 2 ’ o i a ( 7 ) 3 5 0 2 ( 6 ) 0 0 3 3 ( 3 )
0 3 * - 7 6 7 ( 7 ) 3 0 0 5 ( 6 ) 3 6 1 0 ( 3 )
CO* - 1 1 2 5 ( 7 ) 2 2 0 8 ( 6 ) 3 5 0 1 ( 3 )
0 5 ' - 0 9 2 ( 7 ) - 1 9 2 ( 6 ) 3 7 5 0 ( 3 )
0 6 * 0 5 6 ( 7 ) - 1 2 3 3 ( 6 ) 0 0 8 0 ( 3 )
0 7 * 1 5 8 2 ( 7 ) - 9 6 0 ( 6 ) 0 0 8 8 ( 3 )
N8  ’ 1 9 0 0 ( 5 ) 2 1 5 ( 5 ) 0 5 7 0 ( 2 )
0 9 ’ 9 5 5 ( 6 ) 1 2 5 7 ( 6 ) 0 2 0 3 ( 3 )
CI O* - 1 9 5 ( 7 ) 1 1 0 8 ( 6 ) 3 8 2 8 ( 3 )
n r 6 9 0 ( 5 ) 0 7 0 0 ( b ) 0 1 2 7 ( 2 )
O i l ' 2 0 0 5 ( 8 ) 0 8 6 6 ( 6 ) 0 0 9 6 ( 3 )
0 1 2 ' 3 2 2 5 ( 8 ) 5 2 5 1 ( 6 ) 0 0 0 8 ( 3 )
(12 * 3 5 6 8 ( 5 ) 0 2 6 3 ( b ) 3 5 6 0 ( 2 )
C I 3* o b o p ( 8 ) 0 0 6 5 ( 7 ) 3 1 6 3 ( b )
C I O ’ 0 9 | 6 ( 9 ) 3 5 6 1 ( 7 ) 2 5 8 9 ( 1 , )
0 3 ' 5 3 7 8 ( 5 ) 2 1 9 8 ( b ) 2 7 8 0 ( 2 )
C I S * 0 1 9 9 ( 8 ) 1 5 8 0 ( 7 ) 3 0 5 3 ( b )
0 1 6 * 0 5 6 8 ( 6 ) 1 3 7 ( 7 ) 2 9 5 7 ( b )
na * 5 7 3 7 ( 6 ) - 0 8 2 ( b ) 3 3 8 0 ( 2 )
C 1 7 ' 6 1 9 2 ( 1 0 - 1 8 6 8 ( 7 ) 3 3 0 0 ( b )
C 1 8  * 6 7 7 3 (  8 ) - 2 5 5 9 ( 6 ) 3 9 6 6 ( b )
0 5 ' 5 5 0 0 ( 5 1 - 2 7 0 0 ( b ) 0 0 0 3 ( 2 )
0 1 9 ' 5 0 5 8 ( 7) - 1 6 1 9 ( 6 1 0 7 9 8 ( 3 )
C2 0  * 3 7 3 2 ( 7 1 - 1 8 6 7 ( 6 1 9 ? U 5 ( 3 )
0 6 * 2 0 7 0 ( 5 1 - 2 0 0 1 ( 3 1 0 8 0 7  ( 2 )
CO
Table Al. Coordinates (x 103) assigned to the hydrogen atoms in
l f S •NAPHTHVRIDINE
m -
PENTAETHTLENE GLYCOL
ATOM X/A Y/B z /c
M3 297 071 855
HQ 236 251 800
H5 323 - 0 858
H6 521 - 1 8 8 903
HI 1A 653 610 972
HUB 720 038 970
H12A 895 559 912
HI 2B 7«9 60S 860
H13A 919 553 770
H13B 1043 043 828
H1QA 1022 371 710
HI QB 836 351 732
H15A 870 175 858
H15B 791 183 778
H16A 1005 -1 1 757
H16B 851 - 0 2 807
H1TA 1050 - 2 3 3 826
HI 78 1226 - 1 7 0 816
HI AA 1202 - 1 6 9 908
H1B8 1285 - 3 1 0 909
HI 9 A 952 - 3 3 5 1033
H19B 1 098 - 2 0 3 1037
H20A 90? - 6 3 965
H20B 859 -90 1003
UB-NAPHTHYBIOTNE PENTAETHYLENE GLYCOL
ATOM X/A Y/H Z/C
H3' - 1 0 0 030 337
HO' -2 06 217 319
H5* - 1 0 ? - 3 5 305
Hb' 33 -2 2 0 003
HU  A' 168 561 085
H U B ' 205 393 076
H12A/ 02? 528 030
H12H' 283 621 380
H13A' 070 508 297
H13B' 588 022 305
H10A' 572 380 222
h i o b ' 180 370 237
H15A' 006 170 358
H15B' 316 201 ?B0
H16A' 09? -1 205
H16B' 357 - 2 9 307
H17 A * 523 - 2 2 6 315
H17B' 708 - 2 0 3 293
H18A' 706 - 1 9 6 020
H18Pf 706 -351 388
H19A' 597 -151 512
H19B' 075 -7  3 008
H20A# 336 - 1 0 3 550
H20B * 098 - 2 7 5 553
A n i s o t r o p i c t e m p e r a t u r e f a c t o r s  (x 1 0 3) f o r  9£?.
TABLE A2, S t a n d a r d  d e v i a t i o n s  a r e a b o u t 0 . 0 0 3  f o r N,  0 . 0 0 2 - 0 . 0 0 3
f o r  Or a n d 0 . 0 0 3 - 0 . 0 0 5 f o r  C.
U l l U22 1)33 UL2 U13 U?3
Ml • a? 25 51 - 3 3 - I
C 2* a? a t 07 - 5 n -3
c s ; 5a ao 00 3 - 0 12
c o a 3 55 55 -7 1 2
Cb* ab 56 ab - 1 0 6 - b
Cb* 55 a t 53 - 1 5 Ml -11C7 ' ao 3fl 39 - p n - 9
N8* 02 31 05 - 5 -1 - 5
C9* 3? 03 35 - 5 2 - 5
CIO* au 02 39 -5 5 - 2
01* b5 20 77 - 3 7 0
C l t * 7a 30 61 - 1 3 - I - 7
C12* 75 3h 75 - 9 2 -1 1
0 2 ' 72 as A2 - 1 6 18 - 1 5
C13* 73 50 PI -1 21 111
CIO* 102 69 65 10 25 200 3 ' B2 52 70 5 23 10
CIS* 73 60 69 - 1 0 -1 - 3
C1 b * 101 7t) 61 - I H -A - 3
oa* 110 ao 65 -11 - 5 - 2
C17 * t a n 53 7 3 - I P 17 - 9
C 1 8 ' b 1 ab AP - 2 20 — 5
05* bb 35 A3 - 1 2 2? *10
C19* 5P 35 60 - 8 b -A
C20 * bO an 09 - 2 -7 3
Ob' 57 27 bb - 2 5 1
Ml ao 2 Q 00 0 -1 0
C2 36 aa 05 - 9 7 -0
C3 op 30 63 2 - 2 7
C« 30 OP 53 -7 •  1 I 5
C5 Ob 07 53 -1 0 — 1 •  0
Cb ab 33 61 - 9 7 - 0C7 ?n 00 05 -11 -1 -  3
MB 3b 20 05 - 3 -1 -2
cp a J 32 3A - 0 5 -1
CIO 05 37 02 - 5 5 1
01 b l 25 67 0 1 1
C l l b7 31 60 - a -0 - 5
C12 65 35 66 - 9 2 - 6
02 50 01 bb - 9 p -7
C13 57 OP 92 - 2 20 b
c i a OA 50 h6 10 25 12
03 62 07 7 h 0 10 7
CIS 70 57 6 3 -1 0 3 t o
Clb 110 61 52 -27 - 9 2oa 52 01 50 -0 -1 -S
C 17 0 3 50 70 - 1 6 15 - I P
CIA 02 03 75 - 3 3 - 6
05 6 3 3 a 71 - 7 9 -1 2
CIS 50 a o 5B 7 “ 1 1
C ? n 57 30 53 - 3 1 - 7
Ob 50 2b 6 3 i •  0 -1
u
CJ1
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